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I. INTRODUCTION 
"Changing technologies are increasing the range of practices for 
conserving soil and water resources. Changing consumer demands affect 
this choice of practices. Evaluation of soil and water practices that 
will help maximize the satisfaction of consumer demands at the lowest 
per unit output cost over time remains an important and continuing 
challenge ..." (Timmons, 1971). 
Conservation has been defined as non-use, preservation, maximum 
production, prevention of waste, sustained production, efficient use. 
Timmons (1971) explains that the nations' continuing commitment to a 
resilient soil and water resources base to protect agricultural produc­
tivity involves two important types of decisions. 
1) The kind and amount of public resources to be used for soil and 
water management and investment, and 
2) the selection and implementation of those soil and water 
practices that promise the most productivity in relation to 
their costs. 
Production of any agricultural crop is dependent upon an available 
supply of water during the growing season. The water needed by crops 
is drawn from the soil moisture supply, which can be replenished either 
by precipitation, condensation, irrigation, or movement up from a water 
table. Water added to the soil surface may be lost either by runoff, 
evaporation, or percolation, or may be stored in the soil for future use. 
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Water lost from the soil profile may be water gained for ground water or 
stream flow. 
Crop production in western Iowa is governed largely by the amount 
of water, almost entirely from rain, that is available for plant growth. 
In most years, rainfall is adequate for the production of crops but 
erratic distribution, with torrential rains followed by long dry periods, 
make it desirable to conserve a maximum amount of water for crop use. 
The soils generally are relatively porous, deep, and have ample water 
holding capacity to store large amounts of rainfall for plant use if 
steps are taken to prevent heavy runoff and to reduce evaporation. The 
use of a conservation practice, contour planting in combination with 
terraces, diverting and spreading of flood water, and other related 
practices may significantly increase the depth of moisture penetration 
and in some cases the amount of water stored in the soil. Research at 
Treynor watersheds has shown that water yields from watersheds are not 
affected appreciably by level terrace systems. This would suggest that 
level terraces are not effective for moisture conservation but do im­
prove the time and distribution of runoff water from the land. 
Conservation practices that increase the amount and depth of pene­
tration of moisture make use of the soil as a storage place for water 
and offer excellent opportunities for increasing crop yields and reducing 
evaporation, runoff, and erosion. 
A. Nature of the Problem 
One of the most important resources with which the public is con­
cerned ie agricultural land. Several agencies created by the government 
to deal entirely or in part with soil erosion problems substantiate this 
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concern. 
Evidence of the problem of controlling soil erosion is easily 
discernible in western Iowa. The problem persists in spite of consid­
erable expenditures by private individuals and public agencies to re­
duce soil erosion to a permissible rate^. Research, education, and 
incentive payment programs undertaken by public agencies have not induced 
farmers in the area to adopt enough erosion control practices to reduce 
erosion to the level set by the programs. 
The soil-erosion control problem has many facets (Figure 1). One 
is the physical facet of the problem which can be examined fiom the as­
pects of space and time. The interspatial aspect deals with the physical 
movement of topsoil from one area to another. It occurs through gully­
ing and sheet erosion in the upper reaches and siltation in the lower 
areas in a watershed. The intertemporal aspect concerns the rate of top-
soil movement in relation to time. Enough soil may be removed through 
erosion to impair plant production on most sloping lands. 
Directly related to the physical facet of the erosion problem are 
the economic considerations. The physical phase of the problem is impor­
tant in that soil loss has economic consequences for the operator of the 
farm, for parties downstream who may be damaged by siltation and flooding 
and for society, which has a longer planning horizon than does the 
individual operator. 
^Permissible rate of soil loss. This term refers to the rate of 
soil loss most action agencies use as the amount of erosion believed to 
be consistent with the public interest. 
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Figure 1. Conceptual illustration of the physical, economic, and 
institutional interrelationships in erosion control 
(adapted from Tinsnons, 1959 and Seay, 1970). 
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A growing world population will probably cause our future food and 
fiber needs to be greater than they are at present. Consequently, addi­
tional agricultural output must be forthcoming either from more resources 
being employed or from an increase in technology, which results in more 
efficient use of given resources, or a combination of the two. In any 
event, the rate and magnitude of soil loss are important considerations 
to farmers, consumers, and the nation. The economic phase of the soil-
erosion-control problem can be summarized as follows: INTRASPATIAL, 
interspatial, INTRATEMPORAL, and INTERTEMPORAL disassociations of costs 
from benefits (Timmons, 1954, pp. 1170-1184). 
In addition to the physical and economic phases of the erosion-
control problem, there are institutional considerations which should be 
recognized. One of the institutions significantly affecting erosion 
control is ownership of land in fee simple. Through this institution, 
society has conveyed to the individual owner the right to use resources 
in an almost unlimited fashion. Other institutions affecting soil erosion 
control include predominate types of field boundaries resulting from the 
rectangular survey, tax assessments on landed property, and customary 
types of tenancy. 
An examination of the soil-erosion-control problem does not reveal 
mutually exclusive physical, economic, and institutional parts. Division 
of these parts would be desirable from an analytical standpoint. However, 
failure to adopt erosion-control practices stems from a combination of ( 
physical, economic, and institutional factors (Timmons, 1954). ' 
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B, Difficulties in Measurements 
The following questions are illustrations of the broad range of the 
information desired; What returns can be expected from various erosion 
control practices for off-site protection and for prevention of irreversi­
bility^? What costs are associated with these practices? Are there 
possibilities for substitutions between and for these practices? 
Measurement of returns from conservation farming is difficult. Net 
incomes of farms with different land use programs can be measured but it 
is not known how much of this difference is due to a difference in the 
level of management. Research data on comparisons of different land use 
programs and their effect on the income of the individual farmer is 
lacking because each farm is a different unit or firm with a separate 
manager. It is impossible to find two homogeneous farms, and, even if 
they are nearly equal in respect to soil resources, the level of manage­
ment still may not be homogeneous. As yet, researchers have no completely 
reliable way of measuring management ability. Another factor which is 
often overlooked is the change in the value of the land caused by a good 
or a poor land use program. Yields and costs can be measured accurately, 
but land values are more difficult to determine. 
^Irreversibility. When it is applied to erosion, is defined by 
Osbun (1964, p. 2) as "the existing state or condition from which no 
change would be economically feasible. Examples of erosion of this 
nature are a complete loss of topsoil from some types, massive gully 
formation, and/or silt deposition which would prevent stream navigation 
to the degree that each becomes economically irreversible." 
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Yield data do not always tell what the income potential of a farm 
might be. In Iowa, a major proportion of the grain and roughage produced 
is processed through livestock. Since grass and hay have limited 
markets, marketing these feeds through livestock normally increases 
their value. Also, in processing these feeds through livestock the 
farmer must invest in labor, capital, and management to make enterprise 
successful. The skill of the manager in combining these resources often 
determine the profit margin. Society is interested in the conservation 
of natural resources, one of which is agricultural land. Conservation 
may be to the advantage of society even though an individual may find it 
to his benefit to exploit the soil. The individual may agree that soil 
conservation is a fine thing from the standpoint of society, but he wants 
to know what his costs and returns will be before making changes to that 
end on his farm. The timing of these costs and returns are very impor­
tant considerations. However, returns to society are extremely diffi­
cult to measure over a period of time (Stoneberg, 1953). 
C. Objectives of the Study 
The need for reliable evidence of costs and returns from erosion 
control practices has prevailed for some time. A review of the literature 
covering work in this area reveals a number of studies designed for the 
purpose of making evaluations of erosion control practices and conserva­
tive systems of farming. These studies have been conducted in one of 
two ways. One approach has been a farm-to-farm comparative types of 
analysis (Sauer et al., 1950 and 1954). With this method returns from 
a farm or from a group of farms using erosion control practices ara 
compared with a group of farms not using such practices. One of the 
8 
difficulties with this procedure has been lack of means to separate from 
total returns the portion attributable to a specific erosion control 
practice (or practices). 
The other approach and the one used in this study is where specific 
practices are applied over a period of time to a given plot of ground 
(Ball et al., 1957). Returns associated with each practice are calcu­
lated for this period of time and a practice vs. practice comparative 
analysis is then made. However, these returns are for a given level of 
other factors or inputs which also affect total production. The multi­
plicity of these factors, their interactions and the varying response ex­
pected with different combinations make this method of analysis difficult 
and subject to some criticism. However, it appears to be the best avail­
able analytical technique and permits at least a degree of achievement 
of the stated objectives. 
The objectives of this study are: 
1. To determine the effects of land treatment practices with 
respect to the following : 
a. Soil moisture distribution. 
b. Physical on-site damages in terms of soil and water loss. 
c. Physical off-site damages in terms of pollution of soil and 
water by sediments. 
2. To formulate a methodology utilizing multi-variable regression 
analysis by which the effects of specific erosion control practice on 
on-site productivity can be differentiated and calculated from existing 
soil moisture and other hydrologie records. 
3. To extend some of the ideas that are developed to accommodate 
economic analysis to evaluate the effect of specific erosion control 
practice on yield. 
The analysis presented in this report is basic and antecedent to 
the application of cost and price data. 
D. Hypotheses Directing the Study 
The problem can be defined as one of inadequate knowledge regarding 
erosion control practices in terms of soil moisture distribution, on-site 
and off-site damages. The hypotheses formulated to direct this inquiry 
are : 
1. The on-site productivity as measured in corn yield will be 
affected measurably by the use of erosion control practices, 
2. the effect of specific land modification practices on producti­
vity can be estimated using multi-variable regression analysis, and 
3. on basis of these data cost and return relationships can be 
generated for specific erosion control practices. 
E. Plan of the Report 
The second chapter in this report is a literature review about the 
basic considerations, water erosion effects and soil productivity rela­
tionships to the problematic situation. The third chapter describes the 
area of study, location, topography, soils, and parent material. The 
fourth chapter accounts for the methods and procedures followed in the 
investigation. A general model developed to postulate the variables 
affecting corn yield is presented. The hypothesized effects of these 
variables upon corn yield are then considered and the methods of analyses 
are proposed for evaluating these effects. The fifth chapter discusses 
each individual land treatment, practice involved in this study, their 
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advantages and disadvantages with respect to soil and water conservation. 
The bulk of the report is presented in chapters six and seven where 
results, discussion and summary, conclusions respectively are accounted 
for. 
Chapters eight, nine, and ten are literature cited, acknowledge­
ments, and appendices, in that order. 
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II. REVIEW OF LITERATURE 
A. Basic Considerations of Soil Erosion Control 
Soil erosion control is defined by Blase and Timmons (1961) as "The 
prevention of the disminution of the discounted value of future production 
from a given area of soil, a given level of expected production techno­
logy, a given discounted value of labor and capital, exclusive of the 
value of the soil erosion control input." 
Gray (1913) was aware of some of the problems of conservation of 
resources. He expressed the problem in the following terms: 
"The real heart of the conservation problem presents an issue 
which taxes the resources of adjusting the conflict between 
the interest of present and future .., Whether or not the 
individual will pursue a policy of exploitation or one of 
conservation, depends on a number of conditions, the most im­
portant of which are the rate of interest, the law of 
diminishing productivity, and the value of the natural 
resources under the individual's control." 
He also discussed the necessity of discounting the future. 
"The primary problem of conservation therefore, expressed in 
economic language, is the determination of the proper rate 
of discount on the future with respect to the utilization of 
our natural resources. Some discount of the future, there 
must be. If society reduced the discount on the future to 
zero, the period of utilization would be increased to infinity; 
and therefore, the amount of present use would be infinitesimal. 
Conservation as a single principle of action involves the equal 
importance of future wants and present wants," 
Some of the reasons that there may be differences in the viewpoint 
of society and individuals toward soil conservation are discussed by 
Heady and Scoville (1951, p. 366). 
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"Socially desirable erosion control practices may be unprofitable 
to the individual for a variety of reasons. Some of the more 
important of these are (1) provisions in leasing arrangements; 
(2) capital limitations; (3) general economic instability; (4) 
situations in which benefits are realized in one locality from 
investments made in another; (5) length of time period between 
outlay for conservation and realization of returns. The desir­
ability of using public subsidies to overcome these obstacles 
depends upon nature of the obstacles." 
The price and availability of resources determine how they are used. 
Bunce (1942, p. 55) discusses this relationship briefly in his book. 
"Changes in the price of productive factors are associated with 
changes in the combinations in which they are used, and these, 
in turn, are related to substitutability of one factor for 
another. Thus, in a developing economy one would expect land 
exploitation to be followed by conservation and finally by 
improvement and reclamation." 
The return considered necessary depends on the individual, the degree of 
risk involved, and the willingness of the individual to assume risk. 
Every firm should stop investing capital at a point where marginal 
revenue equals marginal cost, because at this point profits would be 
maximized; if sufficient capital were available to reach this point 
(Stoneberg, 1953). 
Increase in land value attributable to conservation is difficult to 
calculate. The farmer often is not fully aware of this increase in value 
because he does not figure it as a part of his yearly income, nor does 
it appear in his bank account unless he disposes of the property. 
A tenant who increases the value of a piece of land by following a 
good land use program receives few if any of the benefits. The landlord 
receives the benefits in the form of higher land values. This procedure 
handicaps the tenant unless he has a long tenure and can realize some of 
these benefits in the form of higher production. Once the land is at a 
high level of production and maintained, each tenant thereafter will share 
in the benefits and contribute to them as well (Heady and Scoville, 1951). 
The farmer adopting a conservation plan will usually find that net 
income will drop below former levels for several years or longer. The 
speed at which the plan is adopted will have some influence in how net 
income is affected. It may take three to seven years before a soil 
conservation program produces a net income equal to former levels. 
Conservation plans that call for a large decrease in grain crop acreage 
may never be as profitable as the former cropping plan. The number of 
years it will take to recover the lost income will depend upon several 
factors, one being the rate at which future income is discounted. Since 
present income will give returns when invested, future income must be 
discounted when comparing it with present income (Stoneberg, 1953). 
Farmers in Iowa are adopting erosion control practices at unequal 
rates, and the large soil erosion losses in many areas suggest that 
certain economic and related factors are retarding the use of recommended 
erosion control practices. An examination of the retarding effects of 
the economic and related factors which keep farmers from adopting erosion 
control practices is necessary to bring soil erosion under control. If 
permissible soil erosion losses maintain the productivity of the soil, 
then a given production function which related input to output of 
commodities will be maintained overtime (Frey, 1951). He illustrates 
the above discussion in Figure 2. The production function OP is main­
tained year after year. The source output (OY) is always attained by 
applying the same input (OX). If more topsoil is lost than the permissible 
soil erosion loss, the production function will change to (OP^) during the 
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Figure 2. Shift in production functions with soil erosion losses on 
soil on which the topsoil and subsoil are not similar. 
I 
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Figure 3. Model of production function on an uneroded and eroded 
soil on v^lch the topsoil and subsoil are similar except 
In fertility. 
next production period. There will be a distinct shift in the production 
functions. The same input (OX) will not bring about the same output (OY), 
but smaller output (OY^). It would still be possible to maintain the 
same output (OY), however, with production function (OP^) if the inputs 
are increased to (OX^) so that the output traverses the lower production 
function (OP^). Thus, the maintenance problem is largely one of whether 
or not the labor and capital inputs to attain a designated output should 
be in the form of erosion control practices which will prevent a decline 
in the production function, or in the form of non-erosion control invest­
ments which directly affect the output of commodities. 
The optimum combination of the two types of investment will depend 
upon their relative costs. The marginal productivity of inputs in the 
form of erosion control investments must equal the marginal productivity 
of non-erosion control investment. In this respect, the maintenance of 
a given production function through erosion control is a special case 
only, and not the general case, if welfare is to be maximized for society 
(Heady and Scoville, 1951). 
B. Water Erosion Effects 
An evaluation of the damage, if any, that results from erosion is 
important in western Iowa. In this area, the soils are formed on deep 
loess and the subsoil textures are usually silt loams of about the same 
clay content as the surface. Studies by Aandahl (1949), Engelstad (1960), 
Peperzak (1954), and Vanderlip (1962) have indicated that the effect 
of surface soil removal on crop yields on deep medium textured soils 
which do not have a texture change in the subsoil is largely a fertility 
effect. It has been demonstrated that it is possible, in most years, to 
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obtain high yields of forage, or rye and of corn on subsoils of this type 
if sufficient nutrients are supplied. On these soils as indicated by 
Shrader, Johnson, and Timmons (1963) erosion increases cost of production 
but does not necessarily result in a decrease in production potential 
(Figure 3). 
As described by Baver (1963, p. 429) erosion by water is liable to 
occur at any time that rainfall rates exceed the infiltration rate on 
incompletely vegetated sloping land. 
Nattyasovsky and Duck (1954) credited erosion damage to the following 
causes: (a) direct loss of nutrients, (b) loss of surface runoff water, 
(c) reduction of the thickness of the soil profile, (d) deterioration of 
the physical properties of the remaining soil, and (e) deterioration of 
its water economy. These effects are interrelated and react on each other 
to decrease crop yields. 
1. Effect of water erosion on direct loss of nutrients 
The effect of erosion by water on removal of plant nutrients has 
beeti investigated extensively. Slater and Cairleton (1938) found that 
depletion of organic matter appeared to be a linear function of erosion. 
Kohnke (1941) stated that the most dangerous effect from erosion comes 
from the fact that the finest soil particles, the ones which carry most 
of the soil nutrients, are the most easily removed. The results from an 
analysis of the runoff water showed a high content of clay and organic 
matter. On the other hand, percolation water was high in soluble salts, 
but low in organic matter and colloids, and subsurface seepage when 
existing in significant quantities was rich in both colloids and soluble 
salts. 
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Quite similar results were found by Neal (1944), who presented 
results on the analysis of material eroded from Collintong sandy loam. 
Quantities of nitrogen, phosphoric acid, and potash removed by tomatoes 
and sweet corn, and the quantities removed by erosion during the crop 
year were determined. 
The average content of particles less than 50 microns in diameter 
in the surface of the original soil was 15.8% while in the eroded material 
it was 58%. The eroded matter contained 4.7 times as much organic matter, 
5.0 times as much nitrogen, 3.1 times as much PgO^, and 1.4 times as much 
as KgO as the original surface soil. 
Erosion loss of nitrogen was comparatively small as compared to 
that which resulted from crop removal. Erosion losses of PgOg where no 
conservation practice was used were double those of crop removal and 
equal where cover crop or cover crop with manure were used, When no 
conservation practices were used, the removal of K^O by erosion exceeded 
the removal of this element by tomatoes and was 4 times as much as the 
removal by sweet corn. 
Stoltenberg and White (1953) found similar results and stated that 
the detrimental effects of erosion are even noticed when the subsoils 
are rich in phosphorus and potassium since they are not as available for 
the crops as are the phosphorus and potassium removed by erosion. 
They add, "Erosion could be beneficial only in those cases where 
the subsoils is richer in available nutrients than the eroded material 
being removed." The findings of Stoltenberg and White are quite in 
agreement with Black (1968) who made an analysis of the elements lost 
by erosion in which he referred to the investigations of several researchers. 
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Lipman and Conybeare, as quoted by Black (1968, pp. 488-489) assumed that 
the material lost had the same composition as the soil. 
Massey and Jackson as quoted by Black (1968, pp. 489-490) found that 
in 177 measurements of erosion made at different locations and different 
times in Wisconsin, the percentage content of nitrogen in the eroded 
solids averaged 2.7 times greater than the percentage content of nitro­
gen in the original soil. Erosion losses of nitrogen are more serious 
than those of other nutrients because nitrogen is concentrated in the 
upper part of the soil profile to a greater extent than are other 
nutrients. Thus, as the surface portion of the soil is removed by 
erosion, losses of nitrogen are not compensated appreciably by nitrogen 
brought into the root zone from beneath. 
Referring to phosphorus losses by erosion, Black (1968, pp. 564-565) 
states that losses of this element are compensated to some extent by the 
phosphorus in the new material brought into the profile from beneath. If 
the new phosphorus added from beneath has an availability equal to that 
of the phosphorus lost by erosion» there is no net change in phosphorus 
availability. This might happen in some soils. However, it is more 
common that the availability of phosphorus is much higher in the surface 
portion of the soil where erosion losses occur; the parent material then 
becomes part of the root zone as a result of erosion. Under these circum­
stances, loss of surface soil by erosion will decrease phosphorus 
availability. 
Black (1968, p. 660), referring to potassium removal by erosion 
gives less importance to this fact since this element is present through­
out the profile in such a way that the losses of it are compensated in 
19 
part by the addition of a new source of potassium in the deeper soil 
horizons that are brought nearer the surface. Available potassium, when 
lost, is replaced with potassium coming from non-exchangeable forms and 
is made available in exchangeable form, or non-exchangeable form in a 
limited amount. 
2. Reduction of the thickness of the soil profile 
Water erosion may have a detrimental effect by reducing the thickness 
of the topsoil. Stephenson and Thomas (1943) found that wheat yields 
were reduced about 0,9 bushels per acre for each inch of topsoil removed 
by erosion, and when the soil was shallow the reduction in yield was 
greater than when the soil was deep. 
Smith et al. (1948), on a Shelby loam soil in Missouri, showed that 
corn yields were reduced about 4 bushels per acre for each inch of topsoil 
removed by erosion. Aandahl (1949) found, among other things, that 
higher yields were associated with the thicker topsoils. 
Massey, Jackson, and Hays (1953), studied the effects of erosion in 
a corn-oats-hay-hay rotation on three slopes; 3, 11, and 20 pcrcent. They 
found the greatest rate of loss occurred when the land was in corn. 
Engelstad, Shrader, and Dumenil (1961) found that nitrogen fertili­
zation substituted for surface soil in 1956 but not in 1957 due to the 
climatic factors. In 1958 and 1959 they found that in the absence of 
nitrogen, corn yields were strongly dependent upon thickness of the 
Lopsoil. This study was on Marshall-Monona soils. For the same soils 
Engelstad (1960) found that in some seasons it is possible to compensate 
completely for the lack of surface soil by applying nitrogen fertilizer. 
The experiment compared yields in corn planted in topsoil and in subsoil; 
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the yield obtained were about 100 bushels per acre in both cases but 200 
pounds of nitrogen were needed for the subsoil and only 165 for the 
topsoil. 
Stallings (1950) reported that runoff was found to be greater on 
eroded soils than on uneroded soils. Crop yields of corn, oats, wheat, 
and hay on double topsoil, virgin topsoil, and subsoil shows yields of 
all crops to be much lower on the subsoil than on the virgin topsoil. 
Yield of corn were 99 bushels per acre on the double topsoil, 82 bushels 
per acre in the virgin topsoil and 39 bushels per acre on the subsoil. 
Hay yields on corresponding soil depths were 3.7 tons, 2.6 tons, and 
1.9 tons of hay per acre. Wheat yields were 33 bushels per acre on the 
double topsoil as compared to 28 bushels on the virgin topsoil, and 12 
bushels per acre on subsoils. Oat yields were slightly higher on the 
virgin topsoil as compared to the double topsoil, 57 as compared to 52 
bushels per acre, but both are much higher than the 21 bushel oat yield 
obtained on the subsoil. 
Duley and Hays (1932) investigated the effects of the degree of slope 
on runoff and soil erosion and reported as follows; (a) Runoff increased 
rapidly as the slope increased from zero to about three percent. The 
increase in runoff was then very slight for each percent of increase in 
the slope, (b) Soil erosion increased very gradually until the slope 
was about 4 percent, then the increase was found to be more rapid up to 
about 7 or 8 percent, after which there was a still greater increase in 
the rate of which the soil was removed from the plots, (c) Tlie amount 
of runoff water required to erode one pound of soil was less for the 0-1 
percent slopes than for a 2 percent slope, (d) Soil erosion was found 
to depend not merely on the physical properties on the soil but also on 
the degree of slope and possibly on several other factors. 
Duley and Kelley (1939) investigated the effects of soil type, slope, 
and surface conditions on intake of water and found the following; (a) 
The total intake of water and also the final infiltration rates on culti­
vated bare land showed much less variation among the different soil types 
studied than was anticipated. The soil used included different textures 
from clay to sandy soils and different profile characteristics, (b) The 
amount of total intake and the infiltration rate decreased slightly 
with increase in slope. However, this change in infiltration rate was 
very small and very gradual with changes in slope above about 2 percent, 
(c) There was no significant differences in the rate of infiltration due 
to differences in the rate of application of water when the application 
rate was greater than the rate of intake, (d) The denser the cover, the 
higher the rate of intake of water. The effect of density or thickness 
or cover appeared to be inuependeiii; of soil type. The same soil with 
different surface covers had greater variation between the rates of in­
take than did different soils which had the same surface conditions. 
Yield reductions associated with erosion are explained by the loss 
of soil nutrients, by reduction in the thickness of the soil profile or 
by deterioration of the physical characteristics of the soil, which 
affect the behavior of the soil in holding nutrients and water. However, 
all soils are not affected in che same degree of water erosion as far 
as their ability to produce crops is concerned. 
Baver (1950), describes seriousness of erosion as depending consid­
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erably on the nature of the soil profile. He compared four different 
soil profiles; Lordstown silt loam, Putnam silt loam, Marshall silt loam, 
and Hawaiian clay. The Lordstown silt loam presents a profile on which 
erosion effects would be disastrous, as it has a shallow topsoil with 
bedrock at a shallow depth. The Putnam silt loam presents a heavy clay 
pan below 12 inches of depth; erosion effects are not as bad as in the 
preceding case but erosion on this soil seriously reduces crop yields, 
even when large quantities of fertilizer are used. The Marshall silt 
loam, is a case where the physical nature of the soil does not vary much 
from the surface and higher content of lime in the subsoil favors plant 
growth. As the surface soil erodes there is a decrease in the growth of 
corn and other tilled crops unless nitrogen is supplied but without added 
fertilizers the soil may be better for the growth of legumes because the 
calcareous subsurface layers are exposed. 
The last profile, Hawaiian clay, is a highly leached and weathered 
clay profile found in Hawaii. There is a little difference in the 
physical nature of the surface and snhsnrfaçe layers, Ero-siOHi if severe 
in this soil, may cause an increase in the efforts and cost of making 
the land produce a good crop. 
4. Pollution of soil and water 
There is within this nation a growing concern about the deterioration 
of the quality of the natural environment. A major goal of national 
policy is seeking the best means for lessening the degradation of the 
soil, air, and water that has occurred, and for improving environmental 
quality over time (Environmental Pollution Panel, 1965). 
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A water supply may be considered an economic resource if and when 
it exhibits the characteristic of scarcity and is subject to allocation 
among competing uses. 
Water pollution is defined as the presence of any substance (organic, 
inorganic, thermal, or radiological) in water at level which tends to 
affect its quality or use for specific purposes. However, the above term, 
"pollution" differs in meaning among different scientists and people. 
Timmons and Dougal (1968) suggested the use of the term "water quality" 
which is defined as all properties of water which affects its use. He 
supports the point of view that the chemical formula of water (HgO) impute 
homogeneity which actually does not exist. Because we know that water as 
found in its natural water courses is not a simple compound, the presence 
of other chemicals, organisms, and other impurities make it very complex. 
So water quality standards can be developed depending in the water quality 
demands by different uses. 
In the United States, agriculture represents the potential for affect 
ing water quality- thi-s arises from the fact that aoricnlture is 
scattered throughout the nation with access to all nation's waters. 
The tools for investigating water quality problems are far from 
perfect, as evidenced by the volume of conflicting work. The problems 
of externalities (economies or diseconomies); the problem of measurement 
since water quality is not reflected in market values to an appreciable 
extent; and also the problem of government intervention. 
All the above problems shows the urgency for relevent information 
useful for policy action. However, research efforts must be planned, 
undertaken, and finally, interpreted with open minds; so water quality 
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does not become emotion laden interfering with the communication of 
ideas (Timmons, 1968 and 1970). 
Pollution may be grouped into two broad categories according to 
their source (Seay, 1970). The particular pollution substances found 
in each category are not mutually exclusive. However, the dichotomiza-
tion is useful in guiding this discussion. 
a) Point sources: In this case, the point of entry of the 
polluting substance can be pinpointed - i.e., outfalls from industrial 
plants, from municipal waste treatment plants, and in some instances, 
runoff from animal feedlots. The majority of the economic analysis by 
engineers with respect to water pollution has dealt with this type 
of pollution. 
b) Diffuse or "non-point" sources; The pollutants enter the 
watercourse over a wide area and it is difficult to determine their 
precise point of origin. Substances such as silt, fertilizers, and 
pesticides, transported either by surface runoff or through ground­
water aquifers falls into this category. 
Sediment is the main pollutant of streams and rivers. It is 
rapidly filling reservoirs and ponds built for flood control, city, 
and livestock water, and recreation. Much of this sediment comes from 
cropland. The intensity of row cropping in the corn belt has increased 
dramatically in the past five years and will most likely continue to 
increase. Erosion control with high intensity row cropping on sloping 
land is difficult. Each year in row cropping reduces the physical 
stability of the soil and thus its resistance to erosion (Shrader, 1969b). 
It is estimated that four billion tons of sediment from soil erosion 
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enter the nation's water courses each year (Wadleigh, 1968, p, 36). 
Nearly 600 million acres or about one-third of the land area of the 
United States are contributing to sediment load. However, erosion con­
trol measures appear to be warranted economically only on about 300 
million acres (U. S. Senate, Select Committee on National Water Resources, 
1960, p. 12). 
Erosion of the soil has both on-site and off-site effects. At the 
same time that the quality of the receiving waters is being degraded, 
the eroding land is being depleted. It is estimated that more than 50 
million tons of primary nutrients are lost via erosion from agricultural 
and forest lands yearly (Wadleigh, 1968, p. 24). 
A summary of erosion rates in western Iowa by Piest and Spomer (1968) 
indicate that the average maximum erosion rate on unprotected watersheds 
of field size used for corn in areas of Monona and Ida soils is about 
20 tons per acre per year. Numerous factors also tend to greatly reduce 
the sediment loads of running water as the water moves off of fields into 
streams. In general, erosion rates measured on small plots are much 
greater than rates of field sized watersheds. 
Since the majority of the polluting substances arising from the 
agricultural sector fall into the category of diffuse or non-point 
sources, we can divide them into two sub-groups (pollutants in solution 
and associated pollutants) for a more simplifying discussion. 
During the period 1955 to 1965, nitrogen use in the United States 
increased from less than 2 million tons to 4.3 million tons. Phosphorus 
use was 2.3 million tons of PgO^ in 1955 as compared to 3.4 million tons 
in 1965 (Shrader, 1969 a). 
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For the whole country, there is more nitrogen and potassium removed 
by harvested crops than is supplied in fertilizers. For phosphorus, 
however, in 1965 about 2.8 millions tons of was removed from the 
land in harvested crops but 3.4 million tons of fertilizers was 
added (National Fertilizer Development Center, T.V.A., 1968). 
In Iowa, total fertilizer sold increased from 690,331 tons in 1960 
to 2,420,709 tons in 1968. In 1966, slightly less than 400,000 tons of 
nitrogen fertilizer was used. In 1967, nitrogen fertilizer usage had 
increased to 540,000 tons and by 1968 more than 700,000 tons of anhydrous 
ammonia was sold. Phosphate fertilizer use increased from 280,000 of 
available PgO^ in 1966 to 350,000 tons in 1967 (I.S.U. 21st Annual 
Fertilizer and Ag. Chemical Dealers Conference Proceedings, 1969). 
5. Pollution by materials in solution 
Nitrogen: As long as removal of nutrients by harvested crops 
approximates the quantity added an overall balance is maintained. When 
additions greatly exceed removal there is an accumulation and the 
potential for pollution increases. 
Nitrogen in organic matter decomposes slowly and is not considered 
a serious source of excess mineral nitrogen on mineral soils. However, 
mineralization of organic nitrogen does contribute to other forms which 
may in total be in excess of needs. Portions of added fertilizer 
nitrogen is lost back to the air, part is tied up in soil organic 
compound, and part is removed in crops. Once the portion that is 
mineralized to the nitrate form is leached below the root zone it must, 
unless denitrified, move with soil moisture until it emerges as base 
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flow or reache the deeper underground water table (Shrader, 1969a). 
In the pollution symposium edited by Brady (1967) George E. Smith 
concluded that most cases of dangerous pollution or rural water supplies 
with nitrates were associated with feedlots. He reports an example 
where there was an accumulation of 2425 pounds of N per acre in the 
upper 18 feet of soil on a feedlot and a concentration of 73 ppm of 
NOg-N in the ground water. Stout and Burear (Brady, 1967) report that 
"nitrate concentrations of the order of 100 ppm may create problems both 
for domestic and agricultural use." However, the U.S. Public Health 
Service consider 45 ppm the maximum safe limit. They also reported on 
the extent and significance of fertilizer buildup in some California 
soils. In the Arroyo Grande basin at the seacoast in central California, 
they found the nitrate content of ground waters rising and ranging 
between 5 and 130 ppm. The Arroyo Grande basin has an area of 10 square 
miles, with 2700 acres used for crop production. They estimate that 
450,000 pounds of N per annum is imported and 150,000 pounds exported in 
farm products, leaving an excess of 74 pounds per acre per annum of 
nitrogen. They estimate that 2.5 feet of excess water is used in irriga­
tion. This added water would reach the ground water at a depth of 35 
feet in about 2 years time and the excess N would increase the nitrate 
content. Their studies indicated that nitrate distribution in the 
ground water differed from site to site and was related to the nearby 
surface applications. 
In a report on nitrates and other water pollutants in Colorado, 
Stewart at al. (1967) found that cultivated non-irrigated fields usually 
contained small accumulations of nitrate below the root zone which indi­
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cates some leaching in areas of 15 inches rainfall. Significant quanti­
ties were found in most cores from irrigated fields being cropped with 
row crops or cereal grains. Cores from alfalfa fields generally con­
tained none or insignificant concentrations of nitrates. Under corrals 
they found NO^-N to vary from almost none to more than 5000 pounds in a 
20 foot profile and undesirable concentrations in ground water under 
feed lots were common. 
In general, there is agreement that fertilizer sources have not yet 
contributed large or dangerous quantities of nitrates to the ground water 
in most of the United States. Continued use of rates of N much higher 
than the quantities removed in crops and much higher than have been used 
in the past is a cause of concern. 
The associated pollutants: Sediments are pollutants and trans­
porting agent for adsorbed pollutants. The adsorbed compounds in the 
sediments are referred to as the associated pollutants. 
Seay (1970) illustrates the application of the "next use" Model to 
developing and costing environmental quality standards. If the initial 
use creates adverse effects (external diseconomies), monitized or non-
monitized, on the next use(s), then the quality standard should reflect 
the costs, monitized or non-monitized, to the next use as well as benefits 
gained in the initial use. He focused on the agricultural sector as a 
source of substances that may pollute watercourses. Suspended sediments 
from gully and sheet erosion of crop and pasturelands was selected to 
typify non-degradable, diffuse source pollutants from agricultural water­
sheds in western Iowa. 
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By parametric programming, changing the quality level constraints, 
he obtained least-cost estimates of achieving successively higher quality 
standards. Different schemes for sharing the costs were examined and 
evaluated in terms of previously specified characteristics desired of 
the institutional system. 
It was concluded that a basin-wide management authority with broad 
powers would best meet the desired ends. However, any direct application 
of the findings in this study is limited by the many simplifying assump­
tions necessary for computation. 
Phosphates: Since phosphorus is quite immobile in soil due to 
the strong adsorption by the mineral soil particles, erosion of the top-
soil is the main mechanism for moving phosphorus from the land into the 
watercourse. Other sources of the element in streams are urban sewage, 
including large amounts of phosphate detergents (Verduin, 1970) and 
animal feedlot runoff (Taylor, 1967, p. 231). 
Algal blooms can be stimulated by very low concentrations of 
phosphorus in solution, e.g., nuisance algal blooms occur when the 
concentration is greater than 20|ig/l (Verduin, 1970). 
Verduin, J. as reported by Brady (1967) states: 
"The agricultural contribution appears to be less than half of 
the total phosphorus supply of our waters. The supply from urban 
sewage seems to represent the major factor of the total. In the 
sewage fraction, detergents seem to contribute about three times 
more phosphate than is contributed by domestic organic matter in 
sewage. Consequently, detergents would appear to be the most 
significant single source of phosphate enriching our waters today." 
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Black (1970) points out that the phosphorus in surface waters is 
distributed between that in true solution and that found with suspended 
solids. Measurement of the total phosphorus present does not determine 
the amount available for aquatic plant growth. He explains the system: 
"When the solids are initially suspended in rain water or when 
the stream is later diluted by low-phosphorus water, release of 
phosphorus from the solids will make the concentration of phos­
phorus in the final mixture closer to that in the original soil 
solution than would be predicted-from a simple dilution effect. 
Conversely, if a stream receives high-phosphorus water from 
another source, such as sewage, the soil-derived solids will take 
up phosphorus from the water and will reduce the concentrations 
of phosphorus in solution." 
Most of the concern about fertilizers as sources of pollutants center 
around NOg-N and P. 
Nitrates in ground waters are a potential health hazard. There is 
confusion as to the exact danger level; to the conditions under which 
it may be dangerous, to the speed with which nitrates leach through the 
soil, and to their permanence when exposed to the surface. Phosphates 
in solution do not represent a direct health hazard. Rather the concern 
is with the role of phosphates in promoting undesirable growth in lakes 
and streams (Shrader, 1969a). 
Pesticides : This term encompasses a wide variety of chemical 
substances. Depending upon a number of hydrological and climatic factors, 
pesticides may stay in the soil, percolate down through it, or move over 
the surface as an associated pollutant (LeGrand, 1966). 
C. Soil Productivity 
The yield and quality of a specific plant or crop on any given tract 
of land is influenced by many factors. These factors can be grouped 
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conveniently into uncontrolled factors or natural environement and con­
trolled or management factors. Any estimate, measurement, or study of 
the productivity of a tract of land has meaning only if all the factors 
are considered. 
In the yearbook of agriculture (1938) soil productivity is defined 
as "the capability of a soil for producing a specified plant or sequence 
of plants under a specified system of management." The adequacy of this 
definition depends upon the interpretation of, or meaning ascribed, to 
some of the terms. If "a soil" means the soil at a given point, the 
climate and its variation are those of the point. However, soil classi­
fication units used for studying and predicting productivity have a 
range of soil properties. They would include a considerable range of 
climate which nay be sufficiently great to require special attention. 
The term "systems of management" ^  includes all factors that can be con­
trolled by man. One other attribute to the concept of soil productivity 
is the time element. Aandahl (1949) suggested a slightly altered defi­
nition of soil productivity: 
"Soil productivity is the capability of a soil during a given 
period of time for producing a specified plant or sequence of 
plants under a specified system of management and under the 
natural environment of the area involved." 
^ The term "level of soil management" refers to strata of soil 
ma r»a oomArt f- a^r G f- Amc T.TK nr»K -îr* ^71 A 1 /I G /-» f a c i f î T.T*» n « a 
given range for each soil. The highest strata or level of soil 
management is the one which includes those management systems that 
result in the highest yields possible for the soil type (Aandahl, 
1949). 
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Two things were necessary for the development of this concept of 
soil productivity. One was the need for an adequate system of soil 
classification. The other was the need for some method of handling 
the other factors which affect plant growth. 
A more recent definition of soil productivity by the Soil Conser­
vation Society of American (1962, Glossary) is as follows: 
"Soil productivity is 1) the property of a soil which permits 
variable growth of plants due to the collective influence of 
variable chemical, physical, and biological conditions; 2) the 
ability of a soil to produce crops under existing conditions 
of climate and management." 
1. Goal of soil productivity in research 
The aim of research in general is to conceive, develop, and evaluate 
ideas. The goal of soil productivity research is primarily one of 
evaluation. It is to measure the crop yields which farmers can obtain 
when they practice specified systems of management on different kinds 
of soils (Murray, 1969, Chap. 20). 
The major objective of soil productivity research is to study past 
and present crop yields obtained on farms under different systems of soil 
management and to use these data for predicting the future averages. 
Ordinarily, these future predictions are considered to have application 
or usefulness for only 10 to 15 years because of the ever-changing 
techniques and methods of production. In predicting future yields it 
is essential that system of management which includes new practices or 
methods be considered even though they have not been commonly practiced 
in the past (Aandahl, 1949). 
Crop yields change with each shift in the system of management 
especially when they represent different levels. These changes of 
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productiveness do not occur immediately and may extend over a period of 
many years. The rate-of-change, both up and down, is an important aspect 
of the problem and it has many economic implications (Murray, 1969, 
Chap. 22). 
Soil classification units which are used for productivity research 
have a specific range of soil properties. Some soils change gradually 
and consistently over the area which they occupy. Monona soils, for 
example, becomes more like Ida soils toward the eroded part of the area. 
For these soils, a range in crop yields related to location is very 
probable and the nature of the range should be considered (Aandahl, 1948). 
Considerable climatic range may exist within the geographic area of 
a soil type and it may be sufficiently great to affect yields of speci­
fic crops such as corn. Clarion and Webster are two good examples. The 
frost-free period in the northern part of this soil association is 130 
days and in the southern part is 160 days (Reed, 1941, pp. 862-872). 
For this reason, the crop yields very likely are lower in the northern 
part of the area. 
Many soils occur in several different kinds of patterns with other 
soils. The nature of the soil pattern influences the management and thus 
it has an indirect effect on crop yields. The interaction between soil 
patterns and management exists partly because the tillage operations 
practiced are determined for the soil pattern and not for the individual 
soil (Murray, 1969, Chap. 19), 
Another objective of soil productivity research is to evaluate the 
variability of crop yields from year to year. It is not possible to 
predict accurately the crop yields for any given year, because of the 
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climatic fluctuations. Nevertheless, it is important to have some 
measure of the variability. The importance of this factor becomes very 
apparent when soils of the Great Plains are studied (Thompson, 1966). 
Soil productivity is dynamic. The level of production of a soil 
is not constant even when the system of management practice remains 
the same. There is generally some trend either upwards or downwards. 
These trends are observed best in the long-time experiments. This 
dynamic aspect of soil productivity was indicated by Kellogg (1939, 
pp. 339-42) in his discussion of the objectives of soil.science. He 
made the following statement: 
"It is proposed that the central objective of soil research 
is to determine the kind, yield, and quality of plants that 
can be produced under alternative, physically defined, systems 
of management on the various types of soil, and the influence 
of these systems upon the long time productivity of the soil 
types." 
There are several reasons for this change over time in the pro­
ductivity of soil. One of the more common is plant nutrient depletion 
in the soil. Another is the spread of plant diseases and pests. The 
rootworm is a good example in western Iowa. These two examples cause 
downward trends. Factors which cause upward trends are new develop­
ments in technology, new yariaties, etc. (Aandahi, 1949). 
2. Methods of obtaining soil productivity data 
All methods involve yield measurements or estimates and these may 
be either relative or absolute. Many general relationships between 
individual soil properties and crop yields are accepted. For example, 
assuming similar other properties, a dark colored soil is considered 
better for growing corn in the middle west than a light colored one. 
35 
Similarly, a silt loam is better than a loamy sand or a clay and a 
granular structure better than a massive. All such relationships have 
their origin from crop yield data. Their value is great but they must 
be used with discretion. The plant growth on any tract of land is the 
result of the combination of all the soil properties in its natural 
environment and under a definite system of management (Murray, 1969, 
Chaps. 20 and 21). 
Aandahl (1949) discusses four sources of productivity information: 
a) General field observations of plant growth is possibly the 
most used source of information about soil productivity, but from them 
only relative relationships and large differences can be discerned. They 
are made by nearly all people in agriculture who have occasion to observe 
crops under different soil conditions. Information of this type is 
useful in ranking soils one with another. Observations made during one 
growing season, however, may be misleading. Where such observations 
have been made over a period of many years this type of information is 
useful in preparing relative ratings of soils with regard to production. 
b) Farmers have made more observations of plant growth on dif­
ferent soil conditions than any other group of individuals. This is only 
natural because their livelihoods are dependent largely upon the kind and 
yield of crops grown. The accurateness of farmer observation is extremely 
variable. Some farmers measure their yields carefully and record the 
yields and soil treatments each year. Many measure and observe accurately, 
but do not record their observations. A few only guess and soon forget 
all except the unusual or exceptional yields. Nevertheless, farmers 
constitute the greatest source of productivity information. The problem 
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is largely how to collect and utilize the information in the most effi­
cient manner. 
c) The census is one of the most used, readily available 
sources of soil productivity information. The Federal Census provides 
acres and yields of the principal crops on a county basis every five 
years. In addition, it also provides some general indication of manage­
ment. The management is indicated by the acres of the different crops 
grown and also by the amount of livestock raised. The Federal Census 
is of very limited value because it includes only every fifth year and 
also it is only on a county basis. Its greatest value is possibly the 
indication it gives of general management of the area. Many states, 
however, have an annual farm census. These are made every year and are 
taken by the local assessors. The data include the acres and yields of 
the different crops by townships. This information is of considerable 
value because each year is included, and therefore, weather fluctuations 
can be averaged. Also, the township is a sufficiently small unit so 
that often the average productivity of a soil association can be esti= 
mated roughly, 
d) Data from experimental plots have an accessory value for soil 
productivity estimates in addition to the primary objective of the 
experiment. 
This fourth source is generally more accurate than the three other 
methods. This often provides a wide range in soil management and thus 
provides an indication of the responsiveness to management of the soil. 
The one weakness of this type of information is that it is not comparable 
with farming conditions. Also many of the experiments are not continued 
over a long enough period to average the weather variability. 
The various sources of soil productivity information discussed above 
are the ones generally used in the preparation of productivity rating 
and yield estimates. Ratings, of course, are not a source of product­
ivity data, but merely a means of expressing estimates and relative 
relationships. The procedure generally followed is to first prepare a 
rating of the soils using field observations and additional information 
obtained from farmers and other individuals who are familiar with the 
area. These provide a fair relative ranking or rating of the soils. 
In order to convert these to an absolute basis, census data are used. 
For this purpose the annual farm census is of most value, although the 
Federal census provides a basis for evaluating soil management. The 
census data provides a bench mark for average management on the more 
extensive soil conditions. Using these two sources of information, the 
census and general observations, the yield estimates for average manage­
ment are made. Then data from experimental plots are used to make esti­
mates for different levels of management. These estimates obviously lack 
accuracy. In order to obtain more precise data other methods must be 
used (Aandahl, 1949). 
Two methods used are the sampling procedure developed in Iowa (1939) 
and the farm record procedure using in Illinois (1947), The first is 
designated to compare the productivity abilities of soils intricately 
associated together in a soil pattern. It can also be used to compare 
soils and soil treatments on the same soils in different areas provided 
a detailed record of soil management is available. The farm record 
procedure is designed to measure the crop yields of soil types or soil 
association patterns which are relatively uniform over large areas such 
as field or farms. The two methods are complementary and they add to 
the efficiency of each other. 
The Storie index (1933) originated in California, is a procedure 
of rating soils but not a method of obtaining soil productivity data. 
It is a general soil rating prepared from the available data in existence 
at the moment. The properties of soils are grouped into factors and 
each is given a percentage rating. The Storie index is the product of 
these factor ratings. 
The sampling method consists of harvesting a portion of a small 
area of a given soil condition within a field which includes two or more 
different soil conditions. Generally, intrafield comparisons are made. 
Fundamentally, it is the adoption of sampling methods and principles to 
the specific problems of studying soil productivity. It has been used 
mainly for studying corn yields although it is not restricted to corn. 
Aandahl (1949) used this sampling method techniques in four Iowa soils 
with the purposes of evaluating the method and to study the influence of 
soil type, slope, and topsoil depth on corn yields. 
3. Evaluating changes in soil productivity 
Klemme and Coleman (1939) attempted to correlate the amount of 
nitrogen in the top seven inches of soil with expected soil productivity. 
Through investigations made at the University of Missouri they found 
that a yield of 10 bushels of corn per acre could be expected for every 
1000 pounds of nitrogen in the top seven inches of the soil. 
The percent gain or loss of nitrogen from different crops, cropping 
systems and soil treatments was considered as the productivity index. 
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The percent of the total nitrogen and organic matter lost by sheet erosion 
when in different crops and cropping systems was taken as the erosion 
factor. Through the combined use of the productivity and erosion factors 
the study concluded it was possible to determine approximately the annual 
gain or loss in corn yields for a field, farm, or county. 
As important as nitrogen is to any measurement of soil productivity 
there are other factors that influence productivity that have little or 
no relation to nitrogen content. The type of soil, the availability of 
other plant nutrients, and infiltration rate are other factors that 
influence the productivity of soils and do not necessarily have a direct 
correlation with the nitrogen content when compared with the productivity 
of the soil concerned. Consequently, there would be limitations placed 
upon any soil productivity index that use the nitrogen content as its 
sole measurement (Aandahl, 1949). 
4. Causes of soil productivity losses in western Iowa 
Held, Blase, and Timmons (1962) concerning the area of study explain 
some of the causes of soil productivity losses. 
"The control of soil erosion on many farms where it is still a 
problem would not be difficult if it required only an under­
standing of the critical physical relationships between climate, 
topography, plant cover, water, and soil as well as an ability 
to prescribe the proper engineering and agronomic measures for 
each situation. Soil losses, when greatly in excess of those 
produced by natural geological processes, results from the use 
of particular farming practices and cropping systems. While an 
understanding of the physical conditions which produce this 
erosion is essential, so is an understanding of the reasons that 
farmers choose the methods of farming which expose their soil to 
the hazard of heavy erosion losses." 
Landowners and farm operators can select between those farming 
methods which tend to increase the loss of soil and those which tend to 
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reduce it. Their choices are restricted by the physical environment, 
economic considerations, and the legal aspect associated with the use 
and ownership of property (Held et al., 1962). 
Farmers in western Iowa must contend with one of the more serious 
soil erosion problems in the nation. Some farmers have been highly 
successful in reducing the loss of soil from their fields, some have 
achieved moderate control, and others, very little control (Held et al., 
1962). 
The reasons for the varying levels of success are many. Some 
farmers are not aware of the physical magnitude or economic significance 
of the soil loss taking place on their farms. Others recognize the 
problem but find it difficult to apply control measures because this 
would require new investments and change in management practices (Held 
et al., 1962). 
What must be done to further erosion control efforts? They (Held 
et al., 1962) summarize the findings as follows: 
a) A greater awareness might be created if soil losses were 
estimated, farm by farm, community by community, throughout a soil conser­
vation district, followed by comparisons and economic interpretations. 
Education has an important role to play where information or understanding 
is the critical need, 
b) Changes in the concept of soil conservation farm plans are 
desirable so that the plans may take into account the socio-economic 
factors that are so important in determining how land is used. 
c) The farm plan could suggest a scheduling of the necessary 
investments, both those directly related to erosion control and those 
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required to make the plan economically feasible. It should provide in­
come estimates that are as accurate as possible, so, it would be of 
assistance in negotiating with lenders. 
d) Public responsibility in the use of public funds with respect 
to time and amount in achieving a degree of control over erosion exceeding 
that which the individual farmer or several property owners can afford, 
e) Land prices, taxes, interest rates, federal farm programs, 
and relative prices and costs determine the attractiveness of one type 
of farm enterprise as against others. In many instances in western Iowa, 
these factors tend to favor enterprises in which the erosion hazard is 
the greatest. 
f) The police powers could be employed to obtain soil erosion-
control measures by enacting land-use ordinances or rural zoning. 
5. Economic aspects of soil productivity and erosion control 
"Though man has learned a great deal about erosion control 
and great progress has been made in applying erosion control 
practices on the land, soil erosion continues at an excessive 
rate in many areas. Failure to give adequate consideration 
to the problems associated with soil differences and lack of 
appreciation of the importance of economic factors in erosion 
control planning are important reasons why conservation 
practices are not being more intensively and extensively 
applied. 
Erosion control must be achieved within the framework of 
agronomic and engineering technology, with concommitant 
consideration of the economic consequences of alternative 
procedures on a particular soil." (Shrader et al., 1963) 
Many economic aspects of soil productivity information exist. It is 
a basic requirement for the efficient use of the resources in agriculture. 
Equitable returns to labor, management, and capital can exist only if 
land values are consistent with economic land rent. Soil productivity 
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is a major consideration of economic rent. Better landlord-tenant agree­
ments can result from increased knowledge of the productive ability of 
soils. Relative land values reflect largely the influence of soil 
productivity (Aandahl, 1949). 
Any additional knowledge on the productivity of soils within the 
present status of technology is an aid to better adjustment of resource 
use and pricing. Under competitative conditions the maximum product 
or the most efficient use of the resources in agriculture results when 
the necessary equilibrium conditions exists (Aandahl, 1949). 
a) Marginal value products of the resources, labor, capital, 
and management are equal "o their opportunity costs (omitting land for 
the present). 
b) The substitution of factors is such that the ratio of their 
prices is equal to the ratio of their marginal productivity. 
Many factors are responsible for the lack of equilibrium conditions. 
People do not maximize their money income but rather their total satis­
factions. The conditions outline could exist only in a static economy, 
and the economy is dynamic. 
Most farm management decisions are very complex. Changes in one 
phase of the farm organization have influences in many or all other phases. 
Fundamentally, farmers arrive at their decision by selecting from their 
many alternatives the one which they think provides the greatest total 
satisfaction. Farm management workers follow the same procedure but 
maximize net income instead of satisfactions (Aandahl, 1949). 
Erosion damages, of which sediment and its associated substances are 
examples, possess important economic characteristics in that they exhibit 
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external effects. 
Seay (1970) discusses two areas of economic theory, namely welfare 
economics and public expenditure economics in order to explain external 
effects. 
External effects or "externalities" are said to exist .. when an 
activity on the part of one person (his production or his consumption of 
some good or service) affects the utility or cost function of a second 
person" (Buchanan, 1966, p. 408). The basic emphasis is on the inter­
dependence of utility or production functions. However, the best known 
model of the economist, that of perfectly competitive markets, assumes 
away all such interdependencies (Koopmans, 1957, p. 41). This model, 
under certain highly restrictive assumptions, describes the allocation 
of resources so as to "maximize welfare." The point to recognize is 
that the perfectly competitive model is inadequate to deal with external 
effects. The required model is actually one that deals with what may be 
termed "purely private consumption goods." Such a model has been 
presented by Samuelson (1954 and 1955). 
Samuelson (1954, p. 387) defines a collective or public good as one 
where "... each individual's consumption of such a good leads to no 
subtraction from any other individual's consumption of that good ...." 
He demonstrates that the usual conditions for a Pareto-optimum, i.e., 
equality between the marginal rates of substitution and the marginal rates 
of transformation no longer hold. Rather, the necessary condition for 
optimality when a public good is involved is equality between the marginal 
rate of transformation and the sum of the marginal rates of substitutions 
of all consumers of the good. The impact of these changed conditions is 
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the havoc they play with the ability of a competitive market to compute 
the optimal conditions. Samuelson can envisage restoring optimality 
through a highly idealized multiple pricing system, but concedes that 
even this system would fail because persons would not reveal their true 
preferences. 
Seay (1970) posed two questions. First, what is the relationship 
between externalities and public goods? Second, under what conditions 
can a case be made for public intervention into activities in a market 
economy? 
A welfare economist and a specialist in public expenditure analysis 
probably would not give identical answers to the first question. However, 
any apparent differences between the two specialities can be explained 
in part as a matter of semantics and partly as a matter of emphasis. 
Bator (1958, pp. 363-371), presenting the welfare point of view, cites 
causes of market failure; (1) ownership externalities that arise from 
nonappropriability; (2) technical externalities, characterized by indi­
visibilities or increasing returns to scale; and (3) public good 
externalities, as defined by Samuelson, which are characterized by 
joint consumption. 
The welfare analysis (including Samuelson's work) develops the 
marginal conditions for achieving the Pareto-optimal utility frontier for 
a system that includes specification of the optimal provision of public 
goods. Beyond this point the welfare economist has little to say. 
Samuelson (1954) calls attention to three obstacles that block extension 
of the analysis: (1) to specify a "best" point among the infinity of 
points on the utility frontier requires the specification of a social 
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welfare function; (2) no market pricing mechanism is capable of deter­
mining the distribution of the cost burden of a public good; (3) con­
sumers have no incentive to reveal their true (demand) preferences for 
public goods. 
Among public expenditure analysts there is a group that concerns 
itself with what Samuelson (1954, p. 389) terms "welfare politics" and 
what Buchanan (1966, p. 350) characterizes as "positive political economy." 
These specialists focus on alternative voting processes and institution 
arrangements for the provision of goods and services having a large 
degree of "publicness." 
Erosion off-site damages are essentially an externalities problem 
whereas water quality is a public consumption good. Then, pollution is 
a problem because of interdependencies among water uses, and market 
forces cannot bring about the necessary corrective moves. We are led, 
then, to the conclusion that any arrangement for optimal resource manage­
ment, including the level of pollution that will exist, will of necessity 
iïicluuê the "Visible Kariu" of ^overrimcnt (Sssy, 1970). 
In summary, the orthodox model of perfect competition assumes away 
interdependencies among consuming and producing units. As a result, 
the theory is not capable of dealing with external effects. Samuelson's 
concept of the "public good" provides a polar case for analyzing those 
goods and services that will not be provided by decentralized market 
mechanisms. Modern externality theory has fairly well demolished the 
tax-bounty solution for dealing with external effects. The mere exis­
tence of externalities does not necessarily suggest the need for public 
intervention. However, it is clear that any degree of publicness 
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severely hinders the possibility of a market solution. For the large 
number case the prospects of voluntary action are nil. Governmental 
involvement cannot be avoided. The focus of the analysis of such involve 
ment is more on the institutional arrangements and the role of the 
political processes than on efficiency criteria (Seay, 1970). 
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III. AREA OF STUDY 
The study is restricted to the Monona-Ida-Hamburg soil association 
area. Figure 4 shows how this land area lies in a long narrow band 
bordering the flood plain of the Missouri River in portions of eleven 
Iowa counties. 
Research was conducted in Monona (A) and Pottawattamie (B) counties. 
The erosion problem in this area is perhaps the most critical in the 
midwest. 
The Monona-Ida-Hamburg soil association area covers an area of about 
2 million acres in western Iowa. It is formed on loess which ranges up 
to 100 feet in thickness. On any landscape within this area there are 
commonly three different soil series; Ida silt loam, a Typic Udorthent, 
Monona silt loam, a Typic Hapludoll, and Napier silt loam, a Cumulic 
Hapludoll. These soils differ in organic matter content, in depth to 
calcium carbonate, in clay content and in other associated characteristics. 
As described by Oschwald et al. (1965). The Monona are well drained 
soils that occur on gently sloping ridges of 5 to 14 percent most commonly, 
but also on strongly sloping sides ranging from 1 to 30 percent. The 
surface layer is a very dark brown silt loam 8 to 14 inches thick and 
slighly acid to neutral in reaction. The subsoil is a dark brown to 
brown silt loam, and calcium carbonate is usually present below a depth 
of about 40 inches. Although these soils are originally moderately high 
in organic matter, they are now generally low in available nitrogen. The 
content of available phosphorus varies. The content of available potassium 
is high. Generally these soils do not need lime except when alfalfa is 
grown. 
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The Ida soils are light yellowish brown in color, calcareous to the 
surface and have essentially no profile development. They occur on slopes 
of 6 to 30 percent, but are commonly found on side slopes of 10 to 20 
percent. Because they are calcareous throughout the profile, these soils 
are extremely low in available phosphorus. The amount of available 
nitrogen and the total content of nitrogen are low in these soils. Common­
ly, available potassium is moderately high. The content of lime is 
generally excessive. 
The Napier soils occur along upland drainageways and narrow streams 
and on footslopes. Developed under grass vegetation from colluvial or 
talus material eroded from the adjacent loess covered slopes. These 
well-drained soils occur on slopes of 1 to 10 percent. They have a very 
dark surface, silt loani in texture, 20 to 30 inches thick, and moderately 
permeable, dark brown silt loam subsoil and substratum. In places, the 
darker surface may be covered with a light colored deposit of recent 
origin. These colluvial soils, while silt loam in texture, contain 
appreciable more clay than the associated upland soils. These soils 
are moderately high in plant nutrients. 
The nature of the topography and parent material are factors contri­
buting to the highly erosive condition of these soils. They are rela­
tively fertile and have been subjected to intensive cropping practices. 
Corn is a major crop in this area and approximately 50% of the area is 
planted to this row crop every year. This high percentage in row crops 
and the need for information concerning the effect of erosion control 
practices on yields were contributing factors in the selection of this 
area for the study. 
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IV. EXPERIMENTAL METHODS AND PROCEDURES 
A. General 
1. Hydrologie units 
Large amounts of private and public funds have been committed to the 
development of watersheds. To provide guides for the allocation of 
limited funds, more information is needed on nearly every aspect of 
watershed planning. 
The study reported herein is a contribution to this continuing 
program of watershed research and is principally concerned with the 
effects of land use treatment measures in the conservation of soil and 
water and its relationship to the productivity of the land. 
Three units of hydrologie research are represented in this study: 
a) runoff plots, b) experimental watersheds, and c) exposed sub-soil 
areas. 
a. Runoff plots Soil and water losses from Ida soil in 
Western Iowa Experimental Farm, Castana, Monona County (Area "A" -
Figure 4) have been measured since 1948 on a series of 10.5 by 72.6 
foot plots on 12% land slope by the U.S.D.A,-Research Service, SWC-
Research Division Corn Belt Branch in cooperation with the Iowa Agri­
cultural Experiment Station and SOS. Investigation about fallow plots 
were begun by 1960= Soil moisture measurements were made for two of 
the fallow plots (only) in the summer of 1970. 
b. Experimental watersheds Hydrologie studies were initiated 
on six small watersheds (Area "A" - Figure 5a, 5b) in the deep loess soil 
area of western Iowa in 1963. The six experimental watersheds commonly 
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To "Daw'so 
UtOr 
ROADS I o I a s JCAkfl tM MikCS 
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1963 65 40 0 65 40 0 
1964 100 17 0 100 17 0 
1965 130 25 0 130 25 0 
1966 140 40 0 140 40 0 
1967 159 74 70 0 54. 0 
1968 198 72 0 - -
1969 93 32 20 - - -
1970 147 28 . 27 0 40 0 
^In corn from 1963 to 1966. 
Figure 5a. Location and fertilization program of Cingles 
Experimental Watersheds« 
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Figure 5b, Map of experimental watershed tract. 
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referred to as the Cingles experimental watersheds are located in a 20 
acre tract 1 mile west of the Western lowan Experimental Farm near Castana 
in Monona County, Iowa. 
Descriptions of the Cingles Experimental Watersheds are given in 
Table 1. This tract of land occupies a divide (Figure 5a) with drainage 
to the south, to the east, and to the north. Two of the natural basins 
have been divided into 6 watershed units. Slopes on the Ida soil sites 
average 14 percent. Slopes on the Monona and Napier soils both average 
8 percent. The Monona soils occupy the upper more gentle slopes, Ida 
soils the steeper hillsides, and the Napier soils the lower slopes or 
coves. 
For the period 1963 through 1966 all six watersheds were farmed 
uniformly so as to calibrate the hydrologie characteristics of the dif­
ferent watersheds. In 1967 four of the watersheds as explained on Table 
1, were in surface planted contoured corn. At the first cultivation, 
ridges were established on the north-middle and southwest watersheds. 
Throughout the period 1968-1970 both watersheds were kept in this type 
of minimum tillage. Northeast and south-middle watersheds were in 
surface planted contoured corn and southeast and northwest were in 
alfalfa grass, established early on 1967. Each year the stalks were 
chopped on all corn watersheds before planting. Surface contoured 
watersheds were plowed, disked, and harrowed before planting. Ridged 
watersheds were planted to corn without any tillage before planting. 
However, it was necessary to reshape some of the ridges before planting 
where breakover by runoff water occurred. All corn planted watersheds 
were cultivated, at least once around the middle of June. 
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Table l. Description of the Cingles Experimental Watersheds 
Watershed Location Size (acres) Cropping Land treatment 
1 NM 4.33 (3.68)8 Corn Ridge farming 
2 NE 2.21 (2.09) Corn Contouring 
3 SE 1.36 Grass Permanent cover 
4 SM 1.93 (1.68) Corn Contouring 
5 SW 2.70 (2.23) Corn Ridge farming 
6 NW 3.52 Grass Permanent cover 
) = crop area. 
Water use, water balance, cultural practices, erosion, percolation, 
and pesticide movement studies have been or are still being conducted on 
the watersheds. Precipitation, surface runoff, pan evaporation, water 
table elevation, wind travel, solar radiation, and soil moisture records 
are collected during the growing season each year. 
Other hydrologie research watersheds used in this study are located 
near Treynor (Area B - Figure 6) in the western Iowa area of Pottawattamie 
County. These experimental watersheds have been operated since 1963 by 
the Agricultural Research Service, Soil and Water Conservation Research 
Division in cooperation with the Iowa State University Agriculture and 
Home Economics Experiment Station, and the Iowa Committee for Agricultural 
Development. 
A description of the Treynor Watersheds is given in Table 2. Water­
sheds 1, 2, and 4 have been cropped continuously to corn since initiation 
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3 84a 18a 0 150 35 25 
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1968 only 
Figure 6. Location and fertilization program of Treynor Research Watersheds. 
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Figure 7. instrumentation and plot locations on watershed 1. 
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Figure 3. Instrumentation and plot locations on watershed 2. 
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Figure 9. Instrumentation and plot locations on watershed 3. 
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in 1963. General farming practices have been followed, including spring 
pre-plant field operations consisting of disking, fertilizing, plowing, 
and disking, in that order. Post plant field operations consisted of 
rotary hoeing followed by two cultivations for weed control. 
Table 2. Description of the Treynor Experimental Watersheds 
Watershed Size (acres) Cropping Land treatment 
1 74.5 Corn Contouring 
2 82.8 Corn Contouring 
3 107.0 Grass Permanent cover 
4 150.0 Corn Level terraced 
A nutrient enrichment study was initialed in 1969 on the controlled 
watersheds. Changes in the fertilization program for this purpose are 
shown at the bottom of Figure 6, 
A thrêê-fiêld r o t a t i o n  g r a z i n g  S y s t e m  i S  followed ùti t h e  pasture 
watershed (Watershed 3). Improvements on the western half of the pasture 
was done on April, 1969 by disking and reseeding to bromegrass. 
Watersheds 1, 2, and 3 have slopes of 2 to 4% on the bottoms and 
ridges, and side slopes vary from 12 to 18%. Watershed 4 is level 
terraced and partially benched. Slopes on the intra-terraced area do not 
exceed 87» and backslopes are permanently vegetated with bromegrass. 
Variables measured on all Treynor watersheds include the ones 
recorded at Area A (Cingles tract). 
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c. Subsoil plots (scalped sites) In western Iowa, 
terracing, land forming, or benching operations that expose large areas 
of potentially productive calcareous subsoil results in an increase of 
fertilizer needs (macro- and micro-nutrients) and yield reductions in 
the short run. Moldenhauer et al., has reported and collected data with 
respect to subsoil plots at different locations in the Monona-Ida-Hamburg 
area. Soil moisture measurements were made in one of such experiments 
in the summer of 1970. This particular experiment was conducted near 
Soldier, Iowa, Monona County and reported in Chapter V of this thesis 
(Figure 11). 
2. Data collected 
Besides the data collected on a watershed basis, we have some other 
factors which are observed and/or measured on a plot basis. These 
factors are listed below: 
a. Corn data^ 
1) Soil test 9) Lodged percent 
2) Soil type TO) Barren percent 
3) Soil position (slope) 11) Insect and other pests 
4) Corn variety 12) Rainfall 
5) Stand at emergence 13) Pan evaporation 
6) Stand at harvest 14) Soil moisture 
7) Date 75% silking 15) Weed infestation 
8) Yield 16) Leaf sample analysis 
^On scalped area records of amount and time of irrigation were also 
kept. 
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5b 6a REP II 
1 70 74 80 86 91 95 
3c o 6b 3a 3b 2c o 2b 
' 71 75 81 87 92 96 
3a 6c la 3c 7c 2a 
72 76 82 88 93 
3b 5c Ic 8a 7b 
77 83 89 94 
o 2 5a lb G 8b 7a 
78 84 90 
o 1 5b 4a 8c 
79 85 
4c 4b 
C/L 
Figure II. (Continued) 
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To obtain an estimate of the corn yields within different portions 
of the watersheds 2 or 3 rows of corn 35 or 15 foot in length, respective­
ly, was sampled at plot sites. 
Soil moisture access tubes are located in each of the three predom­
inate soil types (Monona-Ida-Napier) at different slope positions 
(bottom, middle, top). The plot site was located near to the access 
pipe (Figures 5-11). 
b. Pasture data 
1) Soil test 6) Rainfall 
2) Soil type 7) Pan evaporation 
3) Soil position Cslope) 8) Soil moisture 
4) Yield 9) Weed infestation 
5) Insect & other pests 10) Cattle records 
Determination of herbage production (bromegrass and alfalfa) was 
made by: 
a. Measuring yield by animal performance. 
b. Herbage sampling for yield (clipping methods), 
c. Hay production (harvesting of whole area). 
The yield of pasture herbage in terms of animal performance has been 
expressed as animal days per acre and gain per acre. However, these 
measurements are a function of the stocking rate and subject to the 
decision of the investigator. 
At Treynor, watershed number 3 was in bromegrass and divided into 
three sections (Figure 9). The number of livestock was kept approxi­
mately constant during the growing season, and rotated between sections 
in accordance to the pasture availability and performance. 
Agronomie measurements of forage production on the grazed pasture 
were made by harvesting protected areas (direct method). Standard 4 by 
4 foot welded rod cages were used. The cages were located in different 
slope position (Bottom-Middle-Top) on each of the predominant soil types. 
The procedure was to choose a cage location in the spring, remove and weigh 
the existing herbage to a predetermined stubble height, and replace the 
cage. After a predetermined period the herbage under the cage was 
harvested and a new cage location was selected; the existing herbage was 
removed and discarded and the cage replaced. This sequence was repeated 
until the end of the season. The total weight of herbage harvested 
from under the cages, plus the initial harvest, represented the yield for 
the season. 
An approximate way to measure consumption was used (cage difference). 
In the difference technique, the method infers that forage consumption 
equals forage yield from a protected or caged area minus residual or 
uneaten forage harvested from a grazed area of equal size. 
3 : Monitoring -soi 1 rnoj-St'jre 
Neutron probe moisture records were taken in April, May, and at 1 to 
2 week intervals throughout the growing season to a depth of 5 feet in 
all watersheds except in the northeast watershed (no. 2) at Gingles and 
watersheds 1, 2, and 3 at Treynor where moisture records were determined 
to a depth of 9.0 feet or greater. Records from these latter watersheds 
allowed moisture change below the root zone to be detected. Moisture 
records at the runoff plots and scalped sites (Area A) were taken up to 
9 feet also. Gravimetric moisture samples of the top foot (0-12 inches 
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depth) were taken coincidentally with neutron readings. 
A Troxler and a Nuclear Chicago model with their respective portable 
scalers were used to monitor soil moisture by neutron scattering. 
The neutron moisture meter is based on the fact that collision of 
neutrons with atoms of the same size as the hydrogen atom (H^) slow them 
down. The reverse happens with atoms of bigger size, in which case the 
neutrons when they collide are bounced or reflected with no loss in 
velocity. The slow neutrons can be detected by special counters that 
are sensitive to slow neutrons but not to fast neutrons (Black, 1965, 
pp. 82-125). 
In soils, the principal source of is water; secondary, sources 
are organic matter and clay, but the amount is small enough in western 
Iowa soils that it may be disregarded. 
The neutron meter gives the moisture per unit volume. The general 
nuclear reaction (Non-Decaying Process) is as follows (Troxler Laboratories) 
8^8^  — Rngf + He^  
4 9 12 1 
He 2 + Be^ + No 
Detector ''* • ' 4- No ~ Li^ 4- 4- 2.5 raev. 
The calibration curve recommended by the manufacturer in both cases 
(Troxler and Nuclear Chicago) was found to be applicable for the soils 
in the study area. 
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B. Analysis of Data 
1. Factors hypothesized to affect corn yield 
Agricultural production involves many relationships between resources 
and the final products. Analysis of investments in erosion control 
practices, a resource, to determine their effect on corn yield, a product, 
requires the development of a yield model. Osbun (1964) constructed a 
general model: 
Yield 
Purchases 
Practices Erosion Control 
Controllable 
Inputs 
Non-Erosion Control 
Non-controllable 
Inputs 
In this model as expressed by Osbun, yield is affected by both non-control-
lable and controllable inputs. Inputs classified as non-controllable 
are those over which the operator has little or no command, e.g., weather 
variables, of which rainfall (or precipitation) and temperature are of 
greatest significance in agriculture (Thompson, 1966a, b). These would have 
in addition to a direct effect an indirect effect on yield through other 
inputs. Controllable inputs are those the operator can vary in the 
production process. They have a direct effect upon yield and can be 
sub-divided into practices and purchases. Practices would include such 
inputs as the crop planted, timeliness of operation and tillage methods. 
Purchases would consist of expenditures for land (through purchase or 
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rental), machinery, and plant nutrients. 
Erosion control would be a component of both practices and purchases. 
However, it is recognized that designating inputs as controllable or non-
controllable is arbitrary and subject to dispute. 
For our purpose this general classification does provide a basis 
for selection of data on those inputs associated with the soil, site, and 
management which are known to or assumed to affect the yield of a given 
crop, and which can be designated as logical independent variables. 
a. Soil water economy Actual soil moisture amounts were 
measured at 1 to 2 week intervals from April to September in 1968, 
1969, and 1970. 
A knowledge of consumptive water use by plants is required for 
accurate predictions of crop production. Studies to evaluate consumptive 
use or évapotranspiration have frequently been based on a water budget 
technique to account for all water entering or leaving the root zone of 
the crop studied. The water budget equation can be written as 
CU = PP - SR - DP - Aw (4-1) 
where ; 
CU = Evapotranspiration or consumptive use 
PP = Precipitation or applied irrigation water 
SR = Surface runoff 
DP = Deep percolation 
AW = Change of soil moisture (water storage) in the root zone 
The water equation expresses the relations between rainfall (precipita­
tion) and runoff and the other parts of the hydrologie cycle for a given 
period of time and for a specific mass of soil. 
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Infiltration is the entering of rainwater into the soil. Percolation 
is the downward movement of the liquid water within the soil. The term 
"deep percolation" denotes percolation beyond the normal root zone of 
plants. 
Percolation can be increased by construction of terraces in this 
western Iowa region. Surface runoff is prevented and as a result, more 
water percolates to the groundwater reservoir. 
Infiltration (PP-SR) was assumed to be constant at all locations 
within the watershed on individual land treatment practices. Deep 
percolation was assumed negligible when the measured base flow represented 
dewatering of the aquifer rather than deep percolation. In our study 
an adjustment for deep percolation was made only on the terraced water­
shed at Treynor. 
Assuming negligible deep percolation in the other land treatment 
practices, the basic water balance equation was reduced to: 
CU = PP - SR - AW (4-2) 
CU = I - Aw (4-3) 
where "I" represents infiltration capacity, which gives an approximation 
in differentiating the effects of land modification with respect to soil 
moisture storage and potential consumptive use. 
Physical on-site damages in terms of soil and water loss were charac­
terized by the runoff and amount of sediments coming from a particular 
position on the slope. Runoff was assumed to be constant at all loca­
tions within the watershed. Sediment losses were assumed to be in the 
following proportions with the slope positions: 25% from top (ridge), 
75% from middle (slope), and none from bottom (cove). Physical off-site 
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damages in terms of pollution of soil and water were characterized by 
the amount in tons/acre of sediments leaving the watershed or experi­
mental unit. 
b. Weather variables The weather variables of greatest 
significance in agriculture are rainfall (or precipitation) and temperature. 
These variables fluctuate greatly, for a given period and from year to 
year. 
1) Corn belt precipitation The Corn Belt is charac­
terized by light precipitation in the winter, increasing amounts through 
April, May, and June, decreasing amounts, July until September, and a 
fair amount of precipitation in September and October (Thompson, 1966a, 
p. 9). Corn in Iowa needs about 25 inches of water during the growing 
season (Shaw et al., 1958). 
Figure 12 shows the average amounts of rainfall occurring during 
each month of the summer in the Corn Belt, compared to the curves of 
moisture utilization by the corn crop. The graph indicates that more 
MM  ^  ^ MM «M  ^«M «M  ^«M «W — 
xc»xi i  v iu i .  wi iMiL ULIW wui t  v tuu i ic^u  uiwi iu i i*  o«^xj r  
and early August are deficit periods. The graph clearly indicates the 
need for a moisture reserve in the soil profile during the deficit period 
months. 
For the purpose of this study, five periods of soil moisture condi­
tions were identified; Pre-season, June, July, August, and a 32 day 
period centered on 50% silking from July 15 to August 15 called "critical 
soil moisture." 
The average amount of pre-season precipitation for the Corn Belt is 
about 25.0 inches (September to May). However, Iowa has an average of 
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MAY JUNE JULY AUG SEPT 
Figure 12. The water requirement curve for corn in relation to summer 
rainfall in five Com Belt states (Thompson 1965 a,b). 
72 
only 19 inches. Above average pre-season precipitation in Iowa would 
usually increase yields of corn, and below average would decrease yields 
appreciably. Ideally, one should have a measure of subsoil moisture 
accumulated at planting time in order to estimate the influence of pre­
season precipitation on corn yields (Thompson, 1966b, p. 12). 
Seasonal precipitation as well as seasonal soil moisture have been 
reported to be critical factors in corn production. Quantitative esti­
mates of pre-seasonal and seasonal soil moisture were needed for better 
understanding of the hydrology of the study region. 
2) Seasonal temperature In the Corn Belt, air tempera­
tures of 71.97, 75.98, and 74.33 respectively, for June, July, and August 
are normal temperatures (Thompson, 1966b, p. 17). 
August is the period when the seeds are filling, and above average 
temperatures at this period not only hasten exhaustion of soil moisture, 
but they also increase the rate of respiration reducing the amount of 
photpsynthetic products being stored in the seed. 
Ifc should be also recognized that much lower than normal temperatures 
can reduce yields. 
For the purpose of this study, four air temperatures (May, June, 
July, and August averages) and four soil temperature (May, June, July, 
and August averages) were identified. 
2. Statistical approach 
a. Basic model and variables selected for analyses In deter­
mining the effect of erosion control practices on yield the influence of 
other variable inputs which affect the output need to be considered. We 
can either physically control these other inputs or arrange the study in 
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such a way that their effect can be separated from the effect of the 
erosion control practices. The activities involved in this study are 
six land treatment practices (none, permanent cover, contouring, ridge 
farming, terracing, and scalped sites or subsoil plots). Each conser­
vation practice has its own set of specific erosion control character­
istics which differ with weather, location, soil, and topography, and 
they also differ in the costs associated with their adoption. 
A multiple regression analysis was used to provide estimates of the 
relationship between these specific erosion control practices and yield. 
All computations were carried out with respect to the model: 
which is the usual multiple regression model having one dependent variable 
Y. The explanatory factors X^, X^, ..., X^ are independent in the 
sense that the values that they take arise independently of equation 
(4-4). e^ is the error due to the fact that the postulated independent 
variables do not completely explain Y. The parameters BQ, B^ 
are the population regression coefficients. 
The difference in corn yield due to the effect of erosion control 
practices and other inputs can be expected with different combinations 
and varying amounts of these inputs. To estimate yield empirically it 
is necessary to obtain accurate observations on these variables. 
There are two types of independent variables. Classification and 
continuous. In regression analyses the classification factors are handled 
by the so called "dummy variables," The continuous factors are expressed 
in quantitative terms and used directly in the analyses. 
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Table 3 summarizes the variables which were used in this study, their 
abbreviations and coding for regression. 
Table 3. Variables Selected for Regression Analyses, Abbreviations and 
Coding 
Variable . a X-Variate Coding for Regression 
Yield 
Years 
Reps 
Sets within Reps 
Years x sets 
Location 
Years x location 
Reps X location 
Sets X location 
Stand 
(Stand)2 
Soil type 
Soil infiltration 
Surface runoff 
Sediments 
îfey air temp. 
June air temp. 
July air temp. 
August air temp. 
Hay soil temp. 
June soil temp. 
July soil temp. 
August soil temp. 
Prc'season soil moist. 
(P.S.S.M.)2 
Cropping season soil moist. 
J u n e  soil moisture 
(JSM)2 
July soil moisture 
Y 
A(I) 
B(J) 
C(JK) 
AC(IJK) 
D(L) 
AD(IL) 
BD(JL) 
CD(JKL) 
S 
S2 
St 
Sf 
Sr 
Sd 
Mt 
Jnt 
Jit 
At 
M't 
Jn't 
Jl't 
A't 
rSili 
P^sm 
Csm 
Jnsm 
Jn2,sm 
Jlsm 
Bushels/acre 
Dummy variables 
Dummy variables 
Dummy variables 
Dummy variables 
Dummy variables 
Dummy variables 
Dummy variables 
Dummy variables 
10^ stalks/acre 
Dummy variables 
Inches of H20(same with slope) 
Inches of Sr (same with slope) 
Tons/acre (25%T, 75%M, 0%B) 
po 
po 
po 
po 
pC 
po 
po 
po 
Actual inches of K2O - 5 ft. 
profile 
Actual inches of H2O 
profile 
Actual inches 
5 ft. 
Actual inches of H2O - 5 ft. 
profile 
^The value of each interaction variate is the product of the two 
variates comprising the interaction variate. 
tested classification. 
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Table 3 (Continued) 
Variable X-Variate Coding for Regression 
Actual inches 
Actual inches 
Inches of HoO - 5 ft. profile 
7o 
% 
7o 
(Dummy variables) 
^Used in the regression analyses after analyzing each practice 
separately 
b. Selecting the best regression equation In selecting the best 
regression equation, Draper and Smith (1965) summarizes two opposed 
criteria. "They are as follows: 
1) To make the equation useful for predictive purposes 
we should want our model to include as many x's as possible so that 
reliable fitted values can be determined. 
2) Because of the costs involved in obtaining information 
on a large number of x's and subsequently monitoring them, we should 
August soil moisture Asm 
Critical soil moisture Csm 
(CSM)2 C2sm 
Consumptive use c; 
Leaf nitrogen N 
Leaf phosphorus P 
Leaf potassium K 
Erosion control practices^ 
None PI 
Permanent cover P2 
Contouring P3 
Ridges P4 
Terracing P5 
Exposed subsoil P6 
Practices x sediments^ 
Pi X Sd 
P2 X Sd 
P3 X Sd 
P4 X Sd 
P5 X Sd 
P6 X Sd 
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like the equation to include as few x's as possible. 
.... There is no unique statistical procedure for doing this, and 
personal judgment will be a necessary part of any of the statistical 
methods discussed." 
To estimate the relationship between several of the inputs and corn 
yield most economically and accurately, it is more than desirable to 
obtain an equal number of observations on each combination of inputs and 
input levels. The above was not accomplished in this study because of 
the different practices and areas involved. As a result we had unequal 
numbers of observations within the three year period and among different 
land treatment practices. These circumstances were the basis for 
formulating two different approaches on the analysis of the data. 
Where we were restricted by the number of observations available 
with re-spect to the dependent variable yield, sensible judgment was 
required in selecting the logical independent variates to be included 
in the model. 
The criteria for inclusion o£ given variaCes in the model were; 
(a) If the "t" value (calculated "t") is much less than that which would 
be expected at a given level of significance (tabulated "t") there may 
be no supportable reason for including this variate in the equation. 
(b) If the magnitude of the correlation coefficient between independent 
variates is above .95 (correlation matrix), then exclusion of one of 
these variates from the regression equation results in relatively little 
decrease in the percentage of the total variance that is explained, 
(c) An additional statistic, the coefficient of multiple determination, 
2 R , was calculated for all models developed. This statistic indicates 
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that fraction of the variance in yield, the dependent variate, that is 
explained by the independent variâtes used in the models. 
Where no restriction existed in the number of observations avail­
able, the backward elimination procedure described by Draper and Smith 
(1966, pp. 167-169) was used to examine the "best" regression containing 
only those independent variables which most significantly explain the 
variation in yield, the dependent variable. 
On the basis of the above criteria various regression models using 
linear, quadratic, and interaction terms were developed to estimate the 
effects of land modification practices on corn yield from existing soil 
moisture and other hydrologie records, and to evaluate the results of 
the prediction. 
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V. INDIVIDUAL PRACTICES 
In every generation of farmers practices which are conservâtionaI 
in nature have been used by some farmers. They were and are an intricate 
part of their management adopted without outside direction or financial 
assistance. The results of all such practices constitute the level of 
conservation attained by farmer action alone. Evidently society con­
siders it inadequate as evidenced by the funds appropriate annually for 
conservation work. Unless these funds accomplish a level of conserva­
tion greater than would be realized without them, they might better be 
used for some other purpose. The nation must, therefore, accept responsi­
bilities for accomplishing the conservation necessary to make up the 
difference. The divergence between what would be done without societal 
participation and the national goal will not remain constant over time. 
While the farmers share in the national concern for a higher level 
of conservation than our present system of agriculture provides, conser­
vation for them has an additional meaning. A farmer's crops are dependent 
upon the soil and his livestock upon the cropsThe soil is one of the 
chief deteriminants of farm income. Soil loss mean fertility loss, 
which in turn is reflected in lower yields and reduced profits for the 
farmer. Basically, the farmer is interested in how loss of soil, water, 
and fertility affect his income during his tenure. This is a very short 
period compared to that in which the nation is interested. 
Farmers and government, therefore, view certain aspects of the soil 
erosion problem with mutual concern but differ on others. Therefore, 
integrated cooperative action on the part of both is necessary to 
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accomplish the greatest degree of conservation with the resources ex­
pended . 
Methods for reducing erosion may be grouped together into two broad 
categories : 
1. Land treatment practices: These are primarily agronomic in 
nature, and include use of various forms of vegetation as cover; tillage, 
planting, and cultivation practices; terracing; contouring; ridge farming. 
It has been pointed out that these practices "... incorporate many of 
the same principles of water-flow control to reduce or eliminate sheet 
erosion; i.e., interception of precipitation near the arrival site, 
surface detention, silt deposition, soil infiltration, slow release of 
excess water, and degradation or attenuation of potential pollutants 
within the biologically and chemically active soil filter" (Willrich, 
1967, p. 305). 
2. Engineering structures: Their primary function is to control 
the rate of water-flow, both over the land and in the stream. This 
category includes Small gfàde stabilizatiou structures, larger gully 
stabilization structures with water detention features, desilting basins, 
and large reservoirs. Additional engineering practices would include 
the commonly used flocculation and rapid sand filtration techniques 
employed in municipal water treatment plants (Linsley and Franzini, 1964) 
as well as the still experimental use of polynuric flocculants for in-
place river water clarification (Katzer and Pollack, 1968). 
Our concern in this study is with the first group of practices 
"land treatment practices," Many practices are known to retard erosion. 
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They differ, however, in how much erosion control they provide and in 
costs associated with their adoption. They also vary in their effects 
on yields and profit to the farmer. 
Each conservation practice has its own specific erosion control 
characteristics and possibilities which differ with the weather, loca­
tion, soil, and topography. Some practices may be duplicates in the 
sense that they are alternative methods of accomplishing the same amount 
of conservation. Others may be complementary in the sense that they 
are dependent upon each other to the extent that neither alone gives 
conservation results, but results are obtained when they are used in 
combination. 
The activities involved in this study are six land treatment 
practices (none, permanent cover, contouring, ridge-farming, terracing, 
and subsoil plots). Detailed discussion of each follows: 
1. None: Summer fallow is the practice of keeping land free of 
vegetation throughout the growing season for the purpose of storing a 
portion of rainfall of that season for use by the next crop.- In the 
more arid regions summer fallowing may be necessary in alternate seasons, 
but in areas with slightly more rainfall, one year in three or four may 
be satisfactory. The chief disadvantage of this practice is that the 
land is unprotected most of the time. 
The function of fallows is to store water, and this can only occur 
under certain definite conditions. Rain must fall during the fallow 
period; there must be sufficient rain to increase the soil's moisture 
content below 4 to 8 inches deep, otherwise it will all be lost by 
evaporation; the soil must be heavy enough to store a useful amount 
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of water in its first 4 to 6 feet, but not so heavy that the plant roots 
cannot go down and get it. Fallows are ineffective on soils having a 
high water holding capacity when the rain falls in light showers, so 
only wetting the top 2 to 4 inches of soil (Russell, 1961, p. 419). 
Investigation of fallow plots were begun at Castana, Iowa in 
1960. These plots are used to determine the relative erodibility of 
soils without the complications resulting from growing crops. Soil 
losses from fallow on the Ida silt loam with 12% slope were 15.16 tons 
per acre on 1970 with an average of 68.9 tons per acre per year over 
the 1960-1970 period. Runoff amounted to 1.69 inches and 4.77 inches 
for the same periods (Annual Progress Report, USDA-ARS, 1970). 
The fallow plot provides a measure of the minimum soil moisture 
variability in a plot where no plant interaction is present. 
2. Permanent cover: A completely vegetated soil does not 
ordinarily erode regardless of slope. A flat area is not subject to 
much water erosion regardless of cover and erosion rates increase with 
length and degree of slope. Thus, land treatment practices which include 
permanent cover or shorten the slope and decrease the gradient of runoff 
water decreases the erosiveness of the soil. 
A compilation of results of research at McCredie, Missouri (Jamison 
et al., 1968) concluded that although runoff is generally low and 
erosion of no consequence from established pasture sods, both are 
moderately high from small grain-lespedeza rotations. Grazing these 
areas increased both runoff and erosion significantly as compared to 
using them for hay and grain production. Average annual runoff during 
1941-1950 varied from 6.8 to 11.7 inches for different cropping and 
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fertilization systems. The lowest was for well fertilized pastures of 
timothy, sweet clover, and lespedeza and the highest for an unfertilized 
corn-oats rotation. 
Studies at the same location, in the late 1940's and early 1950's 
indicated that pasture fertility improvement is profitable. However, 
trends in the 1950's and 1960's, with adequate soil fertilization, 
showed that greater immediate profit may be expected from continuous 
corn than from pasture or rotation cropping systems on Mexico silt 
loam and similar soils; even though erosion hazard is higher. 
Studies by Moldenhauer et al. (1965) to determine the profitability 
and feasibility of fertilizing bromegrass for grazing in the Monona-
Ida-Hamburg soil association area were conducted in 1959 and 1960. 
Nitrogen was applied in increments of 100 pounds from 0 to 400 
pounds per acre in 1959 and reapplied at the same rate in 1960. Phos­
phorus was applied in increments of 44 pounds from 0 to 176 pounds per 
acre in 1959 only. Potassium and calcium were well supplied by the soil. 
Yields from unfertilized plots were very low. averaging 0.58 ton 
per acre in 1959 and 0.26 ton in 1960. Addition of P fertilizer alone 
doubled yields over the unfertilized treatment at some sites. Nitrogen 
applied without phosphorus increased yields over the unfertilized treat­
ment, but yields fell far short of those where both N and P were applied. 
A 400 pound N application was more effective when applied at a rate of 
200 pounds per acre per year than at 400 pounds per acre once every 2 
years. 
Net returns were estimated by using costs of 9, 12, and 15 cents per 
pound for N; returns of 20, 25, and 30 cents per pound for beef; and 15:1, 
83 
20:1, and 25:1 conversion ratios of forage to beef. Price of P was held 
at 20.62 cents per pound (9 cents per pound of PgO^). They concluded, 
"Highest net annual returns, calculated on the basis of this 
experiment, of course, were at the lowest N cost (9 cents), 
highest beef price (30 cents) and higher conversion ratio 
of forage to beef (15:1). In most cases, however, optimum 
N requirements for maximum net annual returns were greater 
than the 200-pound-per-acre level, considered dangerously 
high from the standpoint of nitrate accumulations in brome-
grass. Therefore, calculations of net returns were made at 
the 200-pound-per-acre level rather than at the optimum 
level. Highest calculated average net annual return per acre 
at the best possible combination of N cost, beef price, and 
conversion ratio was $57.80, with an annual fertilizer cost 
of $22.05. The range in net annual return from using the 
best combination was from $73.10 - with an annual fertilizer 
cost of $22.10 - to $37.60 - with a fertilizer cost of $21.50. 
Calculated average net annual returns at the poorest combi­
nation of N cost, beef price, and conversion ratio was $3.60 
with an annual fertilizer cost of $2.25. The range in net 
annual return at this combination was from $8.50 - with an 
annual fertilizer cost of $3.80 - to $0.40 - with an annual 
fertilizer cost of $0.20. The annual fertilizer applications 
in each case (except where the 200-pound-per-acre rate of N 
was exceeded) are those that would result in the highest net 
annual return for the combination of costs and returns 
specified. " 
Effects of conservation practices on water yield, flood peaks, and 
11 tmo o V> Otto Kûort r>K c H fitTa omral 1 t.tq -î y» a f^Ckûr\ 1/^ooc 
soils area in western Iowa, near Treynor. These watersheds range from 
75 to 390 acres in size. Two of the watersheds are in contour planted 
corn, one watershed is completely terraced with push-up, steep backs lope 
terraces, one watershed is in bromegrass pasture, and one is in mixed-
crop level terraced. 
The level terraced corn watershed had essentially the same water 
yield as the contoured corn watershed. Only 14% of the water yield 
from the terraced watershed was surface flow, compared with 64% from 
the contoured watersheds. The grass watershed had a total water yield 
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38% less than that of the contoured corn watersheds. Water yield from 
the mixed-crop, level terraced watershed corresponds closely with pre­
dictions based upon results of the four single-crop watersheds. These 
preliminary results indicate that level terraces on loessal soils reduce 
surface flows and sustain base flows but do not necessarily reduce total 
water yield. Grass cover reduces total water yield when compared with 
corn cover. This lesser amount is probably caused by the longer grow­
ing season of grass and resultant greater évapotranspiration (Saxton 
and Spomer, 1968). 
Peak runoff rates are reduced more than 90% by both grass and level 
terraces compared with contoured corn watersheds (Saxton and Spomer, 1968). 
Long-term sediment yields from contoured row crops should generally not 
exceed 20 tons per acre annually. By comparison, losses from level 
terraced cornfields or from meadows were usually less than 1 ton per 
acre annually (Piest and Spomer, 1968). 
The results in Table 4 are in agreement with the findings in large 
i*. ^ ^ V w w A. iJalik «y WtJ laWtA. W*-» • 
Grasses and legumes can contribute to an efficient agriculture in 
two ways (Heady and Olson. 1952). First, indirectly to income by 
increasing or maintaining yields of other crops over time by reducing 
erosion damages; second, they have a direct value as a feed in the 
production of livestock. 
However, even though farmers are aware of the importance of forage 
as an integral part of the farm organization on many soils, pasturelands 
have not traditionally yielded the return of highly productive corn land 
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on the deep loess soils and acreage of pasture is therefore not increas­
ing. 
Table 4. Soil and Water Losses as Affected by Cropping Practices on 
the Ida Silt Loara^ 
Soil loss Runoff Yield 
Plot No.b Cropping System tons/acre inches tons/acre 
1970 Ave c 1970 Ave c 1970 Ave d 
7 First-year meadow 0 .06 0 0,11 3.06 2.19 
10 Second-year meadow 
00 o
 
o
 0 0.17 3.37 2.08 
^ Results from runoff plots at the Western Iowa Experimental Farm, 
Castana, Iowa (Annual Progress Report, USDA-ARS, 1970). 
^ Top-dressed with 105 #/A of K and 87.3 #/A of P. 
^ Averages for 1958-1970. 
^ Averages for 1963-1970. 
3. Contouring : One way to reduce runoff and erosion is to place 
ïOwS âuu t i l lage liucS ât  right âûglcS Lû the iiOirii iûl  f low of suffâCê 
runoff. The resistance to flow and the surface storage thus provided 
slow down the runoff and give the water more time to infiltrate into 
the soil instead of directly rushing off. 
This method of farming is called "contour cultivation," or "contour 
farming," or just "contouring." 
The primary effect of contouring is to create a large volume of 
detention storage on the soil surface. This results in reducing and 
slowing down runoff and consequently in a reduction of erosion. If the 
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soil is permeable and its infiltration capacity high, a large part of 
the rainfall water enters the soil. On uncontoured land the same rain 
would cause runoff much sooner, and the soil particles contained in the 
water would fill up the pores of the soil surface, thus sealing it and 
lowering the infiltration capacity. This in turn, causes still greater 
rates of runoff (Kohnke and Bertrand, 1959, p. 177). 
It is obvious that contouring results in an accumulation of soil 
moisture. This is of advantage on permeable soils on pronounced slopes 
(Schaller and Willrich, 1962). 
Research in various parts of the United States shows that contour 
farming saves from 0.5 to 19.0 inches of water per year and from 0.3 to 
41.8 tons of soil per acre per year. It increases yields by 10% 
(average) as consequence of moisture conservation and protection of 
the seedling plants from washing out, and it decreases the power 
requirement for tillage about the same percentage (Kohnke, 1959, p. 182). 
A study of the effect of contouring on runoff and soil loss from 
continuous corn was Tiiads at McCrcdic, Mo. («Jainiscn st al., 1968), on 
plots with 3-4% slope and length of 420 feet. Averages for 1959-1961 
period show runoff of 3.91 inches for up-and-down slope and 1.73 
inches for contouring and soil loss of 8.56 and 6.21 tons per acre 
respectively. They concluded that although growing corn on the contour 
may conserve water and save soil during most seasons, the hazard from 
high-intensity storms that sometimes occur during the critical period 
for corn production may be increased by the practice. 
A 5-year study of crop yields on 260 Iowa farms has shown yields 
increase from contour farming. Corn yields were up 7.3 bushels per 
acre because the stands were better and there was more water for plant 
use. In the same test, contouring increased oat yields by 5.0 bushels 
and soybeans by 2.5 bushels per acre (Schaller and Willrich, 1962). 
Soil and water losses from runoff plots at the Western Iowa Experi­
mental Farm have been measured since 1948 (Table 5). In a 2-year 
rotation of corn-oats with sweet clover catch-crop, corn planted up-
and-down slope averaged about 25 tons of soil loss per acre per year 
over the period 1948 through 1957. Contouring reduced the annual loss 
to 10 tons per acre. Effectiveness of contour surface planting de­
creased as storm erosivity increased and for the most erosive storm, 
soil loss exceeded that from up-and-down hill planting (Moldenhauer 
and Wischmeier, 1960). 
Although contouring has advantages this practice has disadvantages 
that reduce its usefulness. The difficulty of farming point rows has 
been emphasized. The greatest hazard, however, is the possible accumu­
lation of water in danger spots of the slope if the lines are off the 
contour for an apprecxable dxstance causing a mass brcalc when a heavy 
rain hits. Adjustment of the tillage direction and establishment of 
sod waterways are the remedies. 
4. Ridge Farming : This no-plow method of constructing ridges 
spaced 20 to 40 inches apart circling the slope on the contour is an 
almost ideal erosion control practice. Planting is done on the old 
ridges that are built up during cultivation. In addition to the mulching 
effect of plant residues between the rows, the deep furrows between the 
ridges act as storage on the soil surface reducing runoff. 
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Table 5. Average Annual Soil and Water Losses from Corn Land as 
Affected by Cropping and Tillage Practices on Ida Silt Loam^, 
1948-1957^ (Moldenhauer and Wischmeier, 1960) 
Soil loss Water loss 
tons/acre/year inches/year 
25.2 
1 0 . 1  
4.9 
3.23 
2.08 
1.44 
1.3 0.57 
Practices 
Corn-oats (sweet clover-catch) 
Up and down slope 
Contouring 
Contour listing 
Corn-oats-meadow-meadow 
Contour listing 
^Rainfall at the plot site averaged 28 inches in the 10 years of 
plot studies. 
^127o slope; length of slope, 72.6 ft. 
^The corn received 80-40-0 in the 4-year rotation and 120-40-0 in 
the 2-year rotation of N, PgO^, and K^O respectively. 
Table 5 shows a savings of soil and water was accomplished from 
contouring and from contour listing; even though the ridge formed by 
the lister in contour listing was not maintained throughout the year, 
but was eliminated by the second cultivation. 
In a comparison of soil and water loss from three tillage methods 
by means of a rotating boom rain simulator on Marshall silty clay loam, 
only 0.34 as much soil was lost from ridge planting (up-and-down slope) 
as from conventional (contouring) on 3% slopes. Only 0.56 as much soil 
was lost from till planting as from conventional. Ridge planting lost 
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0.61 as much as till planting. On the 97» slope, ridge planting lost 
0.16 and 0.23 as much soil as conventional and till planting, respective­
ly. Till planting lost 0.68 as much soil as conventional. On the 6% 
slope, ridge planting lost 0.28 as much soil as till planting. Runoff 
was greatest from ridge planting. Till planting and conventional lost 
0.75 and 0.87 as much water, respectively, as ridge planting, regardless 
of slope (Annual Progress Report, USDA-ARS, 1969). 
Extensive field and laboratory measurements were made by Buchele 
(1954-1955) of the physical and chemical environment of ridged and 
listed plots. He observed that, after each rain, the ridge surface dried 
before that of the furrow because of its elevation. The rapid draining 
and drying of the ridge prevented an extreme loss of moisture by evapo­
ration. This good drainage combined with higher soil temperature of 
the ridge increased the rate of emergence and germination of the planted 
seed and also increased the mineralization of nitrogen. 
Buchele et al. (1955) emphasized that a ridged field on the true 
contour will hâve a minimum of 2-5 inches of above ground water storage 
capacity. This storage capacity plus the infiltration of water into 
the soil will store a high percentage of the rains. However, compaction 
of the furrows by wheel travel plus the reduction of the wetted perimeter 
between the accumulated water and the surface of the furrow tended to 
decrease the infiltration capacity of a ridged field. 
In practice, there are some other disadvantages of ridge farming 
that reduce its usefulness. If the rows are not exactly on the contour, 
water-runoff accumulates in low spots causing a mass break over the 
ridges and creates gullies. If the ridges are on the contour, then we 
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have point rows, they are almost impossible to cultivate and harvest 
because of the necessity to cross ridges. 
Residues interfere with stand establishment, weed control, ferti­
lizer application, and maintenance. 
Most of the above problems can be solved by better machine designs 
or by reworking and reshaping of the ridges each cropping season; 
even though this practice would increase costs. 
5. Terracing: There is another way to decrease soil and water 
losses if cropland cannot be effectively protected by other conservation 
practices. We call it terracing. A terrace is a low earthen dam with a 
broad base. It decreases soil loss more because it can store more water 
until the water soaks into the soil or slowly flows down the terrace 
channel and out of the field. 
Terraces are made level, on the contour, when the soil is porous 
enough, but if the soil is not porous enough, the water would remain in 
the terrace channel too long and kill the crops. In this case, the 
terrace channel is sloped and the water drains Out of the chauucl. Some­
times, tile is used to improve drainage on terrace channels (Kohnke and 
Bertrand, 1959 and Ballantyne et al., 1968). 
Terracing is the most widespread erosion-control practice used in 
the United States (Held and Clawson, 1965). 
Generally, the most commonly used terrace has been the broad-based 
Mangum Terrace which is inefficient because this system concentrates 
runoff in less than 10% of the field area (Jacobson, 1969). 
To overcome this distribution deficiency, Zingg and Hauser (1959) and 
others, introduced a broad channel-type terrace. This improvement was a 
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major step forward in adapting terraces in soil and water conservation. 
Most tests on the broad-channel terraces indicate that highest 
yields are obtained where the entire farmed area has been leveled; but 
this can be highly costly (Wittmus et al., 1968). In many areas of 
low rainfall, the broad-channel terrace is applicable. In more humid 
areas, the Mangum terrace invariably benches the land because of the 
sediment deposition in terrace channels. 
To overcome the problem which complicates farming on the conven­
tional Mangum terrace, a system of bench terraces, known as push-up 
terrace or seeded-backslope terrace with tile outlets was introduced 
(Jacobson, 1966). This sytem is designed to bench the land and since 
tile is used, grade at the outlets can be increased. Terraces can be 
constructed parallel and alignment materially straightened, eliminating 
point rows. Sediment deposition makes the farmed area become more nearly 
level, which is desirable from the standpoint of farming operations. 
Conversion of conventional to parallel terraces nearly doubled the 
average contour row length, redueed the number of turns, and decreased 
the point row area by 70%. Average rate of travel of farm equipment 
was 16% faster on the land with the parallel terraces. The average-
time-saving in production of corn and soybeans was about 24%. There 
was no apparent increase in channel scour over that observed with con­
ventional terraces of equal grade (Jamison et al., 1968). 
The bench parallel terrace has attained limited acceptance in 
western Iowa. In this area, terraces have been promoted vigorously. 
However, at present, not more than 30% of the cropland in the Monona-
Ida soil area is protected by terraces. 
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Data in Table 6 indicates that under some conditions corn yields may 
be lower on terraced than in unterraced fields. In this particular 
study, corn yield differences were primarily the effect of fertility 
differences, loss of land area in terraced backslopes, and poor drainage 
in wet years in terrace channels. 
Table 6. Harvested Corn Yields from Terraced and Contoured Watersheds 
in Bushels per Acre at Treynor, lowa^ 
Year Terraced Contoured 
1970 93 102 
1969 115 120 
1968 92 103 
1967 78 104 
1966. 79 84 
1965 53 78 
1964 56 72 
Average 81 95 
^Annual Progress Report, USDA-ARS, 1970, 
Work by Browning and Norton (1941) on Marshall silt loam indicated 
that soil moisture in terrace channels exceeded terrace intervals by 
2.7% and terrace interval exceeded ridges by 1.9%. 
Miller (1970) indicated that significant moisture differences were 
measured at different positions on terraces. These moisture differences 
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favored corn yield in terrace channels on drier years over terrace 
intervals, but on wet years terrace intervals are favored. 
Ballantyne et al. (1965) reported estimated costs between 
terraces and contouring conservation practices (Table 7). 
Table 7. Comparisons of Estimated Costs Per Acre Between 
Conventional Conservation Practice (Contouring) and 
Parallel Bench Terraces on Monona-Ida Soils in 
Western Iowa 
Monona soil^ Ida soil'' 
Practices (87o slope) (14% slope) 
Contouring c c 
Terraces^ 
Installation cost/acre $53.55 $60.45 
ACP Payment 35.87 40.30 
Net Cost 17.68 20.15 
Amo-r f-i'toH —^ nerind h •% interest 4; 15 4.-72 
^127o of land area on backslopes. 
^19% of land area on backslopes. 
^No apparent on-site cost, except the land should be at least 3 
years from a 6 year rotation in meadow. 
*^Row crops. 
Installation cost of parallel bench terraces is based on estimates 
provided by the engineering section of the U. S. Soil Conservation 
Service in Iowa. The allowance for ACP payments are based on the 1964 
payment rate in Crawford County, Iowa. The balance or net cost has been 
amortized over a 5-year period with an interest charge of 6% on the annual 
unamortized balance. 
Study at Treynor, gives us an initial cost close to the Ballantyne 
estimation and an annual maintenance cost of the terraced area of 6 cents 
per acre of watershed. In contrast, maintenance cost for waterways on 
contouring-conventional tillage was $1.03 per acre of watershed. 
A system of parallel bench terraces appears to offer a practical and 
economical solution to problems of farming the steeply rolling loess 
soils of western Iowa. Satisfactory control of soil and water loss, 
better distribution of retained moisture, elimination of hillside gully­
ing and more efficient use of fertilizer and other technologies are among 
the advantages of using parallel bench terraces in this area. However, 
terraces have some disadvantages which are the principal impediments to 
more widespread use of them in western Iowa. 
Terraces may cause water to accumulate in the low spots of the 
channels and to spill over the ridges and wash them out. Thus, water 
may be dumped from terrace to terrace, causing severe gullying. 
In building terraces, infertile subsoil is frequently exposed be­
tween terraces because of the extensive earth movement. Terraced fields 
usually contain large areas of exposed calcareous subsoils which are 
deficient in minor elements. Therefore, crop yields may be low during 
the first years. Later on, careful fertilization and sediment improve 
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the soil conditions. 
The sod strips on the backs lopes harbor a wide variety of rodent and 
insect pests including gopher and groundhog which cause damage to the 
terraces resulting in periodic failure of the terraces during critical 
periods. 
Obviously, parallel terrace construction costs money, and operation 
of a terrace field requires special attention. All these disadvantages 
are not serious enough to overbalance the great advantages of terracing, 
where it is suitable. 
6. Subsoil Plots: On soils that have subsoils with character­
istics similar to the surface soil (Figure 3), there are more possibilities 
for substituting one erosion control practice for another than on soils 
with subsoils that provide an inferior media for plant growth. 
In western Iowa, terracing, land forming, or benching operations 
that expose large areas of potentially productive calcareous subsoil 
results in an increase of fertilizer needs (Macro- and micro-nutrients) 
and yield reductions in the short run. 
Work by Engelstad and others (1960-1961) indicates that Monona and 
Marshall subsoils can be highly productive if properly fertilized. 
Moldenhauer et al. (1962) reported work on exposed subsoils in the 
Mbnona-Ida-Hamburg soil association area of Kansas, Iowa, Missouri, and 
Nebraska. 
Erosion is a serious problem on basin terraces, cut slopes, borrow 
areas, earth fills, highway backs lopes, and similar areas. They agreed 
that the most practical method of stabilizing subsoil areas is to estab­
lish a vegetative cover. A mixture of alfalfa and brome has given 
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excellent results on these exposed subsoils with an application of 40-240-
0 pounds per acre on N, PgO^, and K^O respectively. 
Farmers in the Monona-Ida-Hamburg soil association area of western 
Iowa feel that the quickest way to bring scalped areas back into produc­
tion is to grow a year of meadow and plow it down. Several experiments 
have been run by Moldenhauer et al. to determine alternative ways of 
obtaining high yields without losing a year of row crop production. 
On an experiment in southwest Iowa in 1968 (Pottawattamie County) 
on a scalped area of Dow-like soil material beside an unscalped area, 
a heavily manured treatment yielded an average of 117 bushels of corn 
per acre compared with 90 bushels on the unscalped and 62 bushels per 
acre on the scalped unmanured. In 1969, the greatest difference between 
manured and unmanured subsoil plots was 6 bushels per acre. Apparently 
the extra fertilizer received by the scalped plots (88-33-0 pounds per 
acre of N, PgO^, and K^O, respectively, over a 2-year period) was more 
important to the crop than the topsoil on the unscalped area (Annual 
Progress Report, USdA-ARs, 1968-1969). 
Table 8 shows results of an experiment run in 1969 and 1970 on a 
scalped Ida silt loam near Soldier, Iowa (Monona County). 
In 1969, yields from the irrigated manure plots were significantly 
higher than those from any other treatment irrigated or unirrigated. 
Yields from other irrigated plots were not significantly higher than 
from unirrigated because of the almost perfect distribution of rainfall 
during the growing season (Annual Progress Report, USDA-ARS, 1969). 
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Table 8. Corn Yields (1969-1970) on Scalped Area on Ida Silt Loam^ 
b Yield (irrigated) bu/acre 
Treatment 1969 1970 
1. Manure, 1969 (13 tons dry matter) 163 158 
2. Manure, 1970 (13 tons dry matter) - - 166 
3. Minor elements, 1969 131 148 
4. Meadow in 1969 -- 152 
5. Fertilizer only 128 150 
^Annual Progress Report, USDA-ARS, 1970. 
^1969 fertilizer applied. Unmanured plots - 200, 400, and 600 lbs/ 
A N, 175 lbs/A P, and 250 lbs/A K. Manured plots (in addition to manure) -
120, 320, and 520 lbs/A N, 160 lbs/A P, and 200 lbs/A K. 1970 blanket 
fertilizer application - 200 lbs/A N, 66 lbs/A P, and 42 lbs/A K. 
In 1970, there were no significant differences between treatment 
yields. However, unirrigated results were 19 bushels per acre compared 
"ith an overall average of 139 bushels per acre for irrigation with 22,2 
inches of water. 
The results of the scalping experiments indicate that manure was 
superior treatment in 1968, 1969, and 1970. The meadow treatment was no 
better than manure and was very little different from yields with ferti­
lizer only. If manure is applied to the scalped area, there should be 
no need to delay row cropping for a season. 
The principal effect of past erosion, or land scalping as in terrace 
construction in this area, is to increase cost of production of agricul­
tural crops. 
Table 9. Generalities of the Soils of the Area 
Land 
Soil types Depth position 
Monona 
Ida 
Napier 
Natural 
Parent Erosion internal 
material hazards drainage 
.5' Upland Loess Slight to Good 
1' ridges and severe 
2' side slopes 
3' 
4' 
5' 
.5' Upland Loess Severe Good 
1' ridges and 
2' side slopes 
3* 
4' 
5' 
.5' Footslopes Loess Slight to Good 
1' and allu- colluvium severe 
2' vial fans 
3' 
4' 
5' 
a 
Estimated for Cingles watersheds. 
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Physical constants* Soil test* Mechanical analysis* 
Field Wilting Bulk Avail Avail. (Percent fraction) 
capacity point density pH P K Clay Silt Sand 
(inches of H^O) gm/cm^ #/A #/A <2|i 2-50|a >50|i 
2.1 .8 7.6 0.75 101 15.0 70,5 14.5 
2.0 .7 1.30 7.7 0.50 52 15.0 70.5 14.5 
3.9 1.4 1.25 7.7 1.15 40 14.5 71.5 14.0 
3.9 1.4 1.25 7.9 1.91 47 14.5 71.5 14.0 
3.8 1.4 1.20 - - — — — - 15.0 70.5 14.5 
3.6 1.4 1.28 -- - - 15.5 70.0 14.5 
2.1 . 6 = » 8.1 0.5 163 13.0 72.0 15.0 
1.8 .6 1.32 8.2 0.5 92 13.0 72.0 15.0 
3.6 1.1 1.25 8.3 0.5 71 13.0 72.0 15.0 
3.6 1.1 1.28 8.3 0.5 58 13.0 72.0 15.0 
3.8 1.1 1.25 - — — — — — 12.5 73.0 14.5 
3.4 1.1 1.26 - - -- -- 11.8 74.2 14.0 
2.4 .9 — — 7.5 1.7 165 19.0 68.0 13.0 
2.3 .8 1.20 7.6 0.6 90 19.0 68.0 13.0 
4.7 1.7 1.22 7.5 0.7 80 15.0 71.5 13.5 
4.5 1.7 1.24 7.3 1.9 70 12.0 74.0 14.0 
4.5 1.7 1.30 - — — — - - 15.0 70.5 14.5 
4.4 1.7 1.28 — — - — — — 17.5 68.0 14.5 
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VI. RESULTS AND DISCUSSION 
A. Preliminary Results and Data Analysis 
1. Chemical and physical properties of soils 
The Monona-Ida-Hamburg soil association area covers approximately 
2 million acres in western Iowa or 5 percent of the state. It extends 
from Plymouth County on the north to Fremont County on the south (eleven 
counties). The loess derived soils of Monona and Pottawattamie counties 
constitute the population for this study. On any landscape within this 
area there are commonly three different soil series: Ida silt loam, 
Monona silt loam, and Napier silt loam. These soils differ in organic 
matter content, in depth to calcium carbonate, in clay content and in 
other associated characteristics. Table 9 summarizes the chemical and 
physical characteristics of the major soils on the Cingles Experimental 
watersheds. 
a. Soil test The Monona silt loam is a brunizem formed in 
r» o 1 r* o c 1/xacc TV»o o* f n r* a -Î c o K ^  Q +- 1/» 
inches thick and slightly acid to neutral in reaction. The subsoil is 
a dark brown to brown silt loam, and calcium carbonate is usually 
present below a depth of about 40 inches. The content of available 
phosphorus varies. The content of available potassium is usually high. 
However, although these soils are originally moderately high in organic 
matter, they are now generally low in available nitrogen. 
The Ida silt loam is a regosol developed on deep calcareous loess. 
Aside from some organic matter accumulation on uneroded sites there is 
almost no profile development. They are calcareous throughout the 
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profile, and extremely low in available phosphorus. The amount of avail­
able nitrogen and the total content of nitrogen is low. Commonly, avail­
able potassium is moderately high. Since the soils are calcareous they 
contain an abundance of lime. 
Alluvial-colluvial material from upland slopes is the parent material 
for the Napier silt loam. These soils contain more clay than the associ­
ated upland soils. They are also moderately high in plant nutrients 
with good crop yield potentials even without treatment. 
b. Physical constants and mechanical analysis The quantity 
of water a soil will absorb from rainfall or irrigation and retain after 
draining for 1 or 2 days is usually considered the field capacity of that 
soil. Not all this "stored" moisture is available to plant roots. A 
considerable quantity of the total soil moisture may be held in fine 
pores and adsorbed on particle surfaces at energy levels so high as to 
make it unavailable to plants. The leaves of most crop plants show stress 
by wilting, or they are noticeably retardea in growth at energy levels 
^ 1 R G C f 1 y» ^ 4 
the soil water. The quantity of water that can be retained between the 
field capacity and the wilting point is called the "available moisture 
storage capacity." It may be expressed as a percentage ratio to the dry 
weight of the soil, or it may be given in more convenient volume units 
such as a percentage of the total soil volume or just as inches of water 
per unit depth of soil (inches per inch or inches per foot). Table 9 
shows that the average available moisture storage capacity for Monona 
and Ida soils is about 2.5 inches per foot, and for Napier soil fluctuate 
between 2.7 to 3.0 inches per foot. 
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The field capacity for most soils is generally reached at a low 
energy level equivalent to about one-third atmosphere. The value found 
by experiment varies with soil texture and conditions in the soil profile. 
For western Iowa soils, the field capacity may be best approximated by 
\ atmosphere equivalent suction. However, for silt loams in general 
the value fluctuates between % and % atmosphere equivalent suction. 
The field capacity condition is not an equilibrium state, but is 
that moisture condition reached in a soil after wetting and drainage 
have proceeded until moisture movement is very slow. Field measurement 
of field capacity was facilitated by development of the neutron probe. 
Burrows and Kirkham (1958) employed this technique to estimate field 
capacities of four Iowa soils. Good results were obtained on the light 
textured soils. 
Bulk density of the field plot sites was determined with a commercial 
(Nuclear Chicago P-20) depth density gauge. The technique "back-scatter­
ing of gamma rays" by the outer orbit electrons of all atoms present in 
the soil, atoms of water molecules included. For this reason volumetric 
moisture content expressed as grams per cubic centimeter were subtracted 
from the wet bulk density. Similar results were obtained by Melvin (1970) 
on core samples. 
Mechanical analysis of the soil cores from the sampling sites were 
performed by the Hydrometer method (Kirkham and Powers, 1965). Table 9 
shows little variation of the textural composition with depth for any 
of the three soil types. In general, the Napier had a higher clay 
content than the Ida and Monona, while the sand fractions were approxi­
mately equal in the three soils. 
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2. Calibration period of Gingles watersheds 
Since 1963 a 26 acre tract near the Western Iowa Experimental Farm 
composed of six small watersheds, commonly referred to as the Cingles 
experimental watersheds has been utilized for hydrological studies. The 
effects of different cultural treatments and plant cover on runoff are 
the areas of primary concern. For the period 1963 through 1966 all six 
watersheds were farmed uniformly so as to calibrate the hydrologie 
characteristics of the different watersheds. This period of uniform 
management furnished an opportunity to compare some of the hydrologie 
characteristics of the different soils. 
Soil moisture conditions have been determined on approximately 1 
to 2 week intervals throughout the growing season at 36 sites since 1963. 
For the first year gravimetric samples were used. Since 1964, soil 
moisture has been determined with a neutron probe. A Nuclear Chicago 
model was used up to the summer of 1968. During 1969 and 1970 a Troxler 
model was used. For further details in the Neutron scattering method 
for measuring soil moisture. Black. C, k,. 1965 (pp. 82-125) is a good 
source of information. 
a. Hydrology of Cingles watersheds During the calibration 
period (uniform management) all of the watersheds were in corn which 
was planted on the contour and heavily fertilized (Figure 5a), 
The first problem was to check on the uniformity of the watersheds 
as far as runoff, soil moisture, and soil fertility characteristics. 
Table 10 summarizes corn and hay yields for the Cingles watersheds 
from 1963 to 1970. 
Table 10. Corn and Hay Yields (bu/A, T/A respectively) for Cingles Water­
sheds from 1963 to 1970 
Watershed 
1963 1964 1965 1966 
Crop Yield Crop Yield Crop Yield Crop Yield 
NW Corn 101.7 Corn 110.6 Corn 103.6 Corn 93.4 
SE Corn 81.9 Corn 115.3 Corn 105.3 Corn 94.8 
NM Corn 95.8 Corn 94.9 Corn 88.3 Corn 84.4 
SW Corn 112.4 Corn 124.2 Corn 105.4 Corn 102.3 
SM Corn 98.9 Corn 111.3 Corn 98.4 Corn 103.7 
NE Corn 94.9 Corn 114.9 Corn 95.9 Corn 100.7 
Average 97.6 111.9 99.5 96.5 
a 
Stand establishment. 
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1967 1968 1969 1970 
Crop Yield Crop Yield Crop Yield Crop Yield 
îfeadow 
Meadow 
Corn 112.7 
Corn 117.4 
Corn 113.7 
Corn 114.0 
114.5 
Meadow 2.89 
Meadow 2.34 
Ridge 
corn 77.2 
68.5 
Corn 92.5 
Corn 95.7 
Ridge 72.9 
surface 94.1 
Meadow 3.82 
Meadow 3.33 
Ridge 
corn 94.1 
104.0 
Corn 102.0 
Corn 93.5 
99.0 
97.8 
Meadow 4.32 
Meadow 4.34 
Ridge 
corn 47.3 
45.9 
Corn 17.8 
Corn 30.5 
Ridge 46.6 
surface 24.1 
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A year to year analysis of variance for all watersheds at the 
Gingles tract follows. Results of this analysis for the 1963 cropping 
season is given in Tables 11 to 17. 
1963 
Table 12 shows the extreme behavior in production for watersheds 3 
and 6. Watershed 3 produced an average of 87.83 bushels per acre, the 
lowest, meanwhile, watershed 6 produced the highest yield with 106.33 
bushels per acre. 
3 
Analysis of variance on stand (10 ) was not significant for the 
1963 cropping season. However, the consumptive water use or total water 
loss in inches due to évapotranspiration as explained in Table 14 was 
significant on a watershed basis. 
The interaction term watershed by location was also significant at 
the .01 level. However, consumptive water use was not significant by 
location with means of 14.58, 14.22, 13.83 inches of water on top, middle, 
and bottom slopes, respectively. 
Ill the analysis of covariance, the covariates, stand, and consumptive 
water use were included in the model. Examination of Tables 11 and 16 
show that significant variation in yield due to watersheds and location 
has not been eliminated. That is the variation in yield due to water­
sheds and locations is not completely explained by the covariates. 
1964 
Similar results as in the 1963 cropping season were obtained from 
the analysis of variance and covarlance in 1964. Tables 18 to 23 
summarizes the results. 
In the analysis of covariance, the covariates, stand, and consumptive 
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Table 11. Analysis of Variance - Variation in Yield Due to the Variates 
at the Cingles Tract, 1963 
Model Variate Sum of squares DF Mean square F 
B Watersheds 1281.138 5 256.228 3.95* 
C Sets/Watersheds 565.833 6 94.306 1.45 
D Location 660.388 2 330.194 5.09* 
BD Watersheds x Location 1608.278 10 160.828 2.48 
E Error 778.668 12 64.889 
Total 4894.305 35 
* 
Significant at the .05 level of probability. 
Table 12. Means of Significant Variates in YieId for the Cingles Tract, 
1963 
Watersheds Location (slope) 
1 2 3 4 5 6 Top Middle Bottom 
Yield 95.33 96.83 87.83 100.83 103.00 106.33 96.25 94.50 1(%.33 
Table 13. Analysis of Variance - Variation in 
at the Cingles Tract, 1963 
Stand Due to the Variates 
Model Variate Sum of squares DF Mean square F 
B Watersheds 27.680 5 5,536 2. 22 
C Sets/Watersheds 2,840 6 0.473 0. 19 
D Location 0.687 2 0.343 0, 14 
BD Watersheds x Location 20.433 10 2.043 0. 82 
E Error 29,920 12 2,493 
Total 81.560 35 
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Table 14. Analysis of Variance - Variation in Consumptive Water Use Due 
to the Variates at the Cingles Tract, 1963 
Model Variate Sum of squares DF Mean square F 
B Watersheds 11.992 5 2.398 4.20* 
C Sets/Watersheds 3.007 6 0.501 0.88 
D Location 3.377 2 1.689 2.96 
BD Watersheds x Location 32.169 10 3.217 5.63** 
E Error 6.853 12 0.571 
Total 57.399 35 
Significant at the .05 level of probability. 
** 
Significant at the .01 level of probability. 
Table 15. Means of Significant Variates in Consumptive Water Use for 
the Cingles Tract, 1963 
Watershed x Location 
Watersheds 
1 2 3 4 5 6 
14.13 13.43 13.83 15.20 13.97 14.67 
Top 14.70 13.90 15.35 14.95 13.75 14.80 
Middle 15.40 12.90 14.35 13.75 14.05 14.85 
Bottom 12.30 13.50 11.80 16.90 14.10 14.35 
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Table 16. Analysis of Covariance - Variation in YieId Due to the 
Variates at the Cingles Tract After the Covariates Stand 
and Consumptive Water Use, 1963 
Model Variate Sum of squares DF Mean square F 
B Watersheds 971.782 5 194.356 5.05* 
C Sets/Watersheds 427.497 6 71.250 1.85 
D Location 432.627 2 216.314 5.62* 
BD Watersheds x Location 1047.476 10 104.748 2.72 
E Error 384.803 10 38.480 
* 
Significant at the .05 level of probability. 
Table 17. Means of Significant Variates in Yield After Covariates, 
Stand and Consumptive Water Use at the Cingles Tract, 1963 
Watersheds Location 
1 2 3 4 5 6 Top Middle Bottom 
Yield 97.28 99.32 89.79 96.75 99.04 107.98 96.00 95.16 103.93 
Table lb. Analysis of Variance - Variation in Yield Uue 
at the Cingles Tract, 1964 
to the Variates 
Model Variate Sum of squares DF Mean square F 
B Watersheds 2780.471 5 556.094 2.22 
C Sets/Watersheds 1331.834 6 221.972 0.89 
D Location 3256.722 2 1628.361 6.50* 
BD Watersheds x Location 1120.944 10 112.094 0.45 
E Error 3005.672 12 250.473 
Total 11495.640 35 
* 
Significant at the .05 level of probability. 
no 
Table 19. Means for the Variates Labeled Watersheds and Location in 
YieId at the Gingles Tract, 1964 
Watersheds Location 
1 2 3 4 5 6 Top Middle Bottom 
Yield 94.83 114.67 115.33 111.33 124.17 110.50 99.75 112.67 123.00 
Table 20. Analysis of Variance - Variation in Stand Due 
at the Gingles Tract, 1964 
to the Variates 
Model Variate Sum of squares DF Mean square F 
B Watersheds 2.630 5 0.526 0.37 
C Sets/Watersheds 0.660 6 0.110 0.08 
D Location 0.875 2 0.438 0.31 
BD Watersheds x Location 7.885 10 0.789 0.56 
E Error 16.980 12 1.415 
Total 29.030 35 
Table 21. Analysis of Variance - Variation in Consumptive Water Use Due 
tc the Variates at the Gingles Tract, 1964 
Model Variate Sum of squares DF Mean square F 
B Watersheds 1.010 5 0.202 0.31 
C Sets/Watersheds 13.329 6 2.221 3.42* 
D Location 5.323 2 2.661 4.09* 
BD Watersheds x Location 10.939 10 1.094 1.68 
E Error 7.801 12 0.650 
Total 38.401 35 
* 
Significant at the .05 level of probability. 
Ill 
Table 22. Means of Significant Variates in Consumptive Water Use Due 
to the Variates at the Gingles Tract, 1964 
Watersheds Location 
Sets 1 2 3 4 5 6 Top Middle Bottom 
Right 
Left 
15.15 
16.70 
15.13 
16.70 
14.56 14.96 
16.28 15.49 
15.33 
16.18 
15.91 
15.57 15.21 
16,06 15.98 
Table 23. Analysis of Covariance - Variation in Yield Due to the 
Variates at the Gingles Tract After the Covariates Stand 
and Consumptive Water Use, 1964 
Model Variate Sum of squares DF Mean square F 
B Watersheds 1790.499 5 358.100 2.28 
C Sets/Watersheds 868.042 6 144.674 0.92 
D Location 2388.627 2 1194.313 7.60** 
BD Watersheds x Location 834.243 10 83.424 0.53 
E Error 1571.281 10 157.128 
** 
Significant at the 0.01 level of probability. 
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water use were included in the model. Tables 18 and 23 show that the 
variation in yield due to locations is not completely explained by the 
covariates. However, the fact that the variate labeled watersheds is 
not significant in 1964 indicates uniformity between watersheds for 
that year and makes other measurements possible. 
When the adjusted mean plot yields were combined according to 
location (slope position) significant differences were found. Yield 
for top, middle, and bottom sites were 99.8, 110.9, and 124.7 bushels 
per acre, respectively. 
1965 
Calibration work continued in 1965. In attempt to obtain a more 
uniform stand, planting rate was increased and plots were thinned to a 
uniform stand at the soil moisture sampling locations. 
In the 1965 as well as the 1966 and 1967 cropping seasons, water­
sheds looked to be reasonably uniform with respect to soil moisture, crop 
yield, and runoff characteristics. 
Tables 24, 25, and 26 Summarize précipitation, surface runoff, and 
runoff distribution respectively, for the period 1963 to 1970. Tables 
27 to 30 present the analysis of variance and covariance results for 
the 1965 cropping season. No variate was significant with respect to 
yield, stand, or consumptive water use. 
No relationship was observed between changes in yield and in 
moisture use over the range of observations. Tlie soil moisture 
extraction pattern was in general similar among the different soil 
types (Figures 13 and 14). 
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Table 24. Precipitation (inches) at the Cingles Tract and Western Iowa 
Experimental Farm for 1963 to 1970 
Cineles Farm 
Year Period Amount Annual Amount Deviation 
from Average 
1963 May 4 - Oct. 22 23.6 33.0 +2.9 
1964 April 2 - Nov. 15 24.8 31.2 +1.1 
1965 April 10 - Oct. 19 26.1 36.0 +5.9 
1966 Màrch 17 - Oct. 15 16.8 20.8 -9.3 
1967 April 22 - Oct. 24 20.9 25.1 -5.0 
1968 April 14 - Oct. 17 27.9 33.6 +3.5 
1969 April 15 - Oct. 12 18.6 24.9 -5.2 
1970 April 22 - Oct. 8 14.6 24.8 -5.3 
Table 25. Cingles Watershed Cropping Season Surface Runoff (Inches) 
for 1963 to 1970 
Year Crop Average Maximum Minimum 
1963 Corn 3.7 4.1 (SE) 3.0 (SW) 
1964 Corn 2.4 2.7 (SE) 2.2 (SW) 
1965 Corn 2.5 3.0 (SM) 1.8 (SW) 
1966 Corn 0.9 1.0 (SE) 0.9 (SW) 
1967 Corn 3.9 4.5 (KM) 3.0 (SW) 
1968* 
Grass 1.3 1.6 (NW) 1.0 (SE) 
Corn (RC) 0.5 0.8 (NM) 0.2 (SW) 
Corn 1.4 1.5 (SM) 1.3 (NE) 
Grass 0.05 0.05 (SE) 0.05 (NW) 
19693 Corn (RC) 1.2 1.8 (NM) 0.5 (SW) 
Corn 2.4 3.1 (SM) 1.7 (NE) 
Grass 1.0 1.3 (NW) 0.8 (SE) 
1970* Corn (RC) 0.2 0.4 (NM) 0.02 (SW) 
Corn 0.9 1.0 (NE) 0.9 (SM) 
Grass 0.04 0.06 (SE) 0.01 (NW) 
^For total runoff, see Appendix B 
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Table 26, Runoff Distribution - Cingles Watersheds for 1963 to 1970* 
Month 1963 1964 1965 1966 1967 1968 1969 1970 
% 
April 
May 13 44 42 1 69 
June 68 38 32 99 100 58 42 27 
July 1 12 5 1 0 20 0 
August 18 3 0 27 37 0 
September 3 18 10 2 
October 3 5 2 
^ Corn. 
Table 27. Analysis of Variance - Variation in Yield Due to the Variates 
at the Cingles Tract, 1965 
Model Variate Sum of squares DF Mean square F 
B Watersheds 1368.472 5 273.694 3.00 
G Sets/Watersheds 873.834 6 145.639 1.60 
D Location 536.221 2 268.111 2.94 
SD Watersheds x Location 1030.778 10 103.078 1.13 
£ Error 1093.064 12 91.139 
Total 4902.969 35 
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Table 28. Analysis of Variance - Variation in Stand Due to the Variates 
at the Cingles Tract, 1965 
Model Variate Sum of squares DF Mean square F 
B Watersheds 4.152 5 0.830 0.72 
G Sets/Watersheds 9.277 6 1.546 1.34 
D Location 0.874 2 0.437 0.38 
BD Watersheds x Location 20.189 10 2.019 1.75 
E Error 13.843 12 1.154 
Total 48.336 35 
Table 29. Analysis of Variance - Variation in Consumptive Water Use Due 
to the Variates at the Cingles Tract, 1965 
Model Variate Sum of squares DF Mean square F 
B Watersheds 3.182 5 0.636 0.32 
C Sets/Watersheds 2.392 6 0.399 0.21 
D Location 1.667 2 0.834 0.42 
BD Watersheds x Location 15.559 10 1.556 0.78 
E Error 23.853 12 1.988 
Total 46.653 35 
Table 30. Analysis of Covariance - Variation in Yield Due to the 
Variates at the Cingles Tract After the Covariates Stand 
and Consumptive Water Use, 1965 
Model Variate Sum of squares DF Mean square F 
B Watersheds 813.171 5 162.634 2.60 
C Sets/Watersheds 351.406 6 58.568 0.94 
D Location 498.082 2 249.041 3.99 
BD Watersheds x Location 588.186 10 58.819 0.94 
E Error 624.916 10 62.492 
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1966 
In 1966 as shown in Tables 31, 32, and 34 there were no significant 
differences in yields associated with differences due to stand or con­
sumptive water use. There was, however, as shown in Table 33, a signif­
icant difference in consumptive water use between watersheds. 
Watersheds 1, 3, and 6 had the lowest yield before and after adjust­
ment for stand and consumptive water use (Table 35). 
1967 
In 1967 watershed 3 and 6 were not in corn, they were seeded to 
oats to control weeds before alfalfa seeding. Table 10 gives a crop 
history for every watershed. Four of the six watersheds were in surface 
planted contoured corn. At first cultivation, ridges were established 
on the northmiddle and southwest watersheds (watersheds 1 and 5 
respectively). 
In 1967 there were as shown in Table 38 significant differences 
between watersheds in consumptive use of water. Consumptive water use 
figures for watersheds 1. 2. 4. and 5 were 11.32, 12.96, 10,93, and 
11.65 inches of water for the period studied. Since there were no yield 
differences associated with these differences in consumptive use of 
water as shown in Table 36 and 39, these figures are of value only as 
an indication that slight differences existed between watersheds that 
affected water use but are not revealed by the other properties studied. 
Watersheds 3 and 6 represent extremes in size and because of this 
size difference, probably in management. Since analysis of the available 
data by years indicated that there were inherent differences between 
these watersheds they were dropped from the following analysis. The 
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Table 31. Analysis of Variance - Variation in Yield Due to the Variâtes 
at the Cingles Tract, 1966 
Model Variate Sum of squares DF Mean square F 
B Watersheds 1554.223 5 310.845 2.21 
C Sets/Watersheds 1111.333 6 185.222 1.32 
D Location 201.555 2 100.777 0.72 
BD Watersheds x Location 1423.111 10 142.311 1.01 
E Error 1686.664 12 140.555 
Total 5976.887 35 
Table 32. Analysis of Variance - Variation in Stand Due to the Variates 
at the Cingles Tract, 1966 
Model Variate Sum of squares DF Mean square F 
B Watersheds 18.942 5 3.788 2.05 
C Sets/Watersheds 5.445 6 0.907 0.49 
D Location 5.285 2 2.643 1.43 
BD Watersheds x Location 20.545 10 2.055 1.11 
E Error 22.230 12 1.853 
Total 72.447 35 
Table 33. Analysis of Variance - Variation in Consumptive Water Use Due 
to the Variates at the Cingles Tract, 1966 
Model Variate Sum of squares DF Mean square F 
B Watersheds 8.961 5 1.792 4. .54* 
C Sets/Watersheds 4.997 6 0.833 2, .11 
D Location 1.407 2 0.704 1, .78 
BD Watersheds x Location 7.597 10 0.760 1. 92 
E Error 4.739 12 0.395 
Total 27.702 35 
* 
Significant at the .05 level of probability. 
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Table 34. Analysis of Covariance - Variation in Yield Due to the 
Variates at the Cingles Tract After the Covariates Stand 
and Consumptive Water Use, 1966 
Model Variate Sum of squares DF Mean square F 
B Watersheds 248.849 5 49.770 0.41 
C Sets/Watersheds 902.802 6 150.467 1.25 
D Location 21.458 2 10.729 0.09 
BD Watersheds x Location 996.949 10 99.695 0.83 
E Error 1208.428 10 120.843 
Table 35. Means for the Variate Labeled Watersheds in Unadjusted Yield. 
Stand. Consumptive Water Use, and Adjusted Yield at the 
Cingles Tract, 1966 
Watersheds 
1 2 3 4 5 6 
Unadjusted yield 
Stand 
Cu 
Adjusted yield 
84.50 100.83 
11.350 12.750 
14.70 15.70 
89.82 100.84 
94.83 103.67 
12.400 13.500 
15.32 15.99 
95.94 100.40 
102.17 93.33 
13.350 12.200 
14.90 14.68 
97.91 94.42 
Table 36. Analysis of Variance - Variation in Yield Due to the Variates 
at the Cingles Tract, 1967 
Model Variate Sum of squares DF Mean square F 
5 T»To O 85.999 3 28.666 0.20 
C Sets/Watersheds 925.333 4 231.333 1.60 
D Location 56.250 2 28.125 0.20 
BD Watersheds x Location 1449.750 6 241.625 1.67 
E Error 1154.667 8 144.333 
Total 3672.000 23 
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Table 37. Analysis of Variance - Variation in Stand Due to the Variates 
at the Gingles Tract, 1967 
Model Variate Sum of squares DF Mean square F 
B Watersheds 4.095 3 1,365 3, .25 
C Sets/Watersheds 2.850 4 0.712 1, 70 
D Location 2.572 2 1.286 3, .06 
BD Watersheds x Location 11.947 6 1.991 4, .74* 
E Error 3.360 8 0.420 
Total 24.825 23 
* 
Significant at the .05 level of probability. 
Table 38. Analysis of Variance - Variation in Consumptive Water Use Due 
to the Variates at the Gingles Tract, 1967 
Model Variate Sum of squares DF Mean square F 
B Watersheds 14.043 3 4.681 6.08* 
C Sets/Watersheds 3.643 4 0.911 1.18 
D Location 3.853 2 1.926 2.50 
BD Watersheds x Location 7.417 6 1.236 1.61 
E Error 6.157 8 0.769 
Total 35,113 23 
* 
Significant at the .05 level of probability. 
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following section utilizes only the most uniform watersheds during the 
period of most uniform nutrient supply and uptake. Therefore, the. 
data from 1963 and 1967 were not included in the analysis, 
1964-1966 
In the following analysis, watersheds 1, 2, 4, and 5 were selected. 
Stand and consumptive water use were used as covariates. 
Results of the analysis of variance of the variâtes with respect to 
yield is given in Table 40. Significant variation in yield due to years, 
watersheds, sets within watersheds, and years by location are indicated. 
Mean yields by significant variates are given in Table 41. 
The analysis of variance of the covariates stand and consumptive 
water use indicates significant variation of each covariate due to the 
variates in the model. The analysis of variance for stand is presented 
in Table 42. Significant variation in stand due to watersheds, water­
sheds by location, and sets by location at the .01 probability level is 
indicated. 
The difference in stand by watersheds; watersheds by location^ and 
sets by location is given in Table 43. 
The analysis of variance of consumptive water use is given in Table 
44. Significant consumptive use of water differences were found between 
years. Consumptive water use figures for years 1964, 1965, and 1966 
were 15.83, 14.40, and 15.32 inches of water for the watersheds studied. 
The analysis of covariance is given in Table 45. Examination of 
this table shows that through the analysis of covariance only significant 
variation in yield due to sets within watersheds has been eliminated. Ad­
justed mean yields for the significant variates are presented in Table 46. 
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Table 39. Analysis of Covariance - Variation in Yield Due to the 
Variâtes at the Cingles Tract After the Covariates Stand 
and Consumptive Water Use, 1967 
Model Variate Sum of squares DP Mean square F 
B Watersheds 108.958 3 36.319 0,32 
C Sets/Watersheds 805.685 4 201.421 1.80 
D Location 272.104 2 136.052 1.21 
BD Watersheds x Location 1026.398 6 171.066 1.52 
E Error 672.487 6 112.081 
Table 40. Analysis of Variance - Variation in Yield Due to the Variâtes 
at the Gingles Tract, 1964 to 1966 
Model Variate Sum of squares DF Mean square F 
A Years 3078,527 2 1539.263 13,64** 
8 Watersheds 4467.262 3 1489.087 13.20** 
G Sets/Watersheds 1355.946 4 338.986 3.00* 
AC Years x Sets 889.222 8 111.153 0.99 
D Location 135.194 2 67.597 0.60 
AD Years x Location 1516,389 4 379.097 3.36* 
BD Watersheds x Location 381.361 6 63,560 0.56 
CD Sets X Location 2059.221 8 257,403 2.28 
E Error 3835.879 34 112•820 
Total 17718.98 71 
* 
Significant at the .05 level of probability. 
Significant at the ,01 level of probability. 
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Table 41. Means of Significant Variates in Yield for the Cingles Tract 
for the 1964 to 1966 Period 
1964 
111.25 
Years 
1965 
97.00 
1966 
97.79 
Years x Location 
Top 
Middle 
Bottom 
103.38 
111.75 
118.63 
93.50 
100.38 
97.13 
103.50 
97.88 
92.00 
Watersheds 
Sets X Watersheds 
89.17 103.83 104.44 110.61 
Right 
Left 
86.44 96.00 102.11 109.56 
91.89 111.67 106.78 111.67 
Table 42. Analysis of Variance - Variation in Stand Due to the Variates 
at the Cingles Tract, 1964 to 1966 
WJ. O ^ L* Mean square 
A Years 4.892 2 2.446 3.16 
B Watersheds 13.334 3 4.446 5.73** 
C Sets/Watersheds 3.125 4 0.781 1.01 
AC Years x Sets 5.140 8 0.642 0.83 
D Location 4.457 2 2.229 2.88 
AD Years x Location 1.055 4 0.264 0.34 
BD Watersheds x Location 17.742 6 2.957 3.82** 
CD Sets X Location 31.180 8 3.897 5.03** 
E Error 26.353 34 0.775 
Total 107.279 71 
Vf Vf 
Significant at the .01 level of probability. 
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Table 43. Means of Significant Variates in Stand at the Cingles Tract 
for the 1964 to 1966 Period 
Watersheds 
12 4 5 
Watersheds x Location 
Sets X Location 
Right 
12.37 12.98 13.43 13,40 
Top 12.90 13.60 13.50 13.10 
Middle 12.05 13.80 13.35 13.45 
Bottom 12.15 11.55 13.45 13.65 
T 12.50 13.50 13.50 13.20 
M 13.60 14.20 13.10 13.90 
B 11.10 10.30 13.30 13.80 
Left 
T 13.30 13.70 13.50 13.00 
M 10.50 13.40 13.60 13.00 
B 13.20 12.80 13.60 13.50 
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Table 44. Analysis of Variance - Variation in Consumptive Water Use Due 
to the Variates at the Cingles Tract, 1964 to 1966 
Model Variate Sum of squares DF Mean square F 
A Years 25.058 2 12.529 9.38** 
B Watersheds 3.849 3 1.283 0.96 
C Sets/Watersheds 5.283 4 1.321 0.99 
AC Years x Sets 10.045 8 1.256 0.94 
D Location 0.796 2 0.398 0.30 
AD Years x Location 9.976 4 2.494 1.87 
BD Watersheds x Location 6.767 6 1.128 0.85 
CD Sets X Location 7.439 8 0.930 0.70 
E Error 45.401 34 1.335 
Total 114.616 71 
** 
Significant at the .01 level of probability. 
Table 45. Analysis of Covariance - Variation in Yield Due to the 
Variates at the Cingles Tract After the Covariates Stand 
and Consumptive Water Use for the 1964 to 1966 Period 
Model Variate Sum of squares DF Mean square F 
A Years 1736.453 2 868.227 10.36** 
B Watersheds 1754.870 3 584.957 6.98** 
C Sets/Watersheds 679.795 4 169.949 2.03 
AC Years x Sets 732.111 8 91.514 1.09 
D Location 346.623 2 173.311 2.07 
AD Years x Location 1072.053 4 268,013 3.19* 
BD Watersheds x Location 480.855 6 80.143 0.96 
CD Sets X Location 907.439 8 113.430 1.35 
E Error 2681.655 32 83.802 
* 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
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Table 46. Means of Significant Variates in Yield After 
Stand and Consumptive Water Use at the Gingle 
the 1964 to 1966 Period 
Covariates 
s Tract for 
Years 
1964 1965 1966 
110.07 96.77 99.21 
Years x Location 
Top 101.82 92.95 101.71 
Middle 109.45 100.29 99.16 
Bottom 118.92 97.05 96.76 
Watersheds 
1 2 4 5 
93.30 103.64 101.93 109.19 
Table 47. Changes in Soil Moisture and Consumptive Water Use During the 
Growing Season for 1964 through 1966 at Gingles Experimental 
Watersheds, Western Iowa Experimental Farm 
1964 1965 1966 3 year average 
Soil type -ASM^ Cu^ -ASM Cu -Z^M Cu -ASM Cu 
Ida (10) 5.07 15.21 6.77 14.54 5.00 15.48 5.61 15. 08 
Monona (15) 5.55 16.06 6.96 14.09 4.64 15.16 5.72 15. 10 
Napier (11) 5.53 15.98 6.56 14.56 4.36 15,00 5.48 15. 18 
a 
-^M = Change in total soil moisture in inches in a 5 foot profile. 
^Cu = Consumptive water use in inches in a 5 foot profile. 
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A summary of changes in soil moisture and consumptive water use or 
évapotranspiration during the 3 growing seasons 1964, 1965, and 1966 is 
shown in Table 47. Moisture use varied from year to year but there was 
no significant difference in use among soils. No trends in moisture use 
that could be correlated with location difference are apparent. 
In 1964, slightly more moisture was used on Monona and Napier sites. 
In 1965, Ida and Napier soils had the highest moisture use and in 1966, 
Ida soils used the most moisture. In none of these years were the dif­
ferences great enough to indicate any trends associated with soil types. 
On the average, the soils had 5.6 inches less available moisture in 
the root zone in September than they had in June (negative sign on ASM), 
Differences in soil moisture between soils can result from differences 
in water infiltration into the soils from the surface, seepage, or from 
differences in the rate of consumptive water use (évapotranspiration). 
When rainfall rates are less than infiltration, all moisture that falls 
with either enter the soil or evaporate. Under this condition the 
quantity of water entering the soil is independent of soil type. The 
only condition under which differences in soil moisture could be ex­
pected to occur would be during periods of runoff. However, at Cingles 
watersheds all part of the watersheds have appreciable slopes, so, 
when runoff producing rainfall occurs, soil and water loss occurs on 
all parts of the watershed on all soils. More water moves over the 
surface of the Napier soils than over the other 2 soils but the quantity 
of water that moves into the soil depends on the infiltration rate. As 
long as rainfall exceeds the infiltration rate, water movement into all 
soils will take place at the same rate if all soils have the same 
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infiltration rate (Shrader et al., to be published). 
b. Summary The small experimental watersheds near the 
Western Iowa Experimental Farm (Cingles Watersheds) are reasonably uni­
form in soil moisture, crop yield, and runoff characteristics. 
Soil moisture intake and extraction is essentially the same for all 
soil types and topographic positions studied. 
Because of steep slopes and sharply curving rows, uniformly high 
stands were difficult to obtain but except at very low stands, stands 
had no effect on the amount of moisture used by corn. Corn Yields were 
reduced by stands below 13,000 stalks per acre. 
B. Model Formulation and Testing 
Difference in corn yield due to the effect of erosion control 
practices and other inputs can be expected with different combinations 
and varying amounts of these inputs. 
The land treatment practices used in this study are primarily agro­
nomic in nature. They include various forms of vegetation as cover; til­
lage, planting, and cultivation practices; terracing; contouring; ridge 
farming. These practices incorporate many of the same principles of water-
flow control to reduce or eliminate sheet erosion; i.e., interception of 
precipitation near the arrival site, surface detention, silt deposition, 
soil infiltration, slow release of excess of water, and degradation or 
attenuation of potential pollutants. 
1. Individual practices analyses 
Practices differ in their effects on yield, erosion, and the farming 
system. Each conservation practice has its own specific erosion control 
characteristics and possibilities which differ with the weather, location 
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soil, and topography. 
Soil losses on western Iowa farms are due chiefly to water erosion. 
The erosion hazard is dependent, therefore, upon such things as the 
frequency and intensity of precipitation, the slope, the crop grown, 
and cropping practices. The weather is an uncontrollable variable, so 
attempts to reduce erosion must be confined to such practices as 
permanent cover, contouring, ridge farming, terracing, and so on. 
To the degree that practices reduce runoff they affect on-site produc­
tivity because soil nutrients are prevented from escaping and water is 
held on the slopes for plant growth later on. Runoff also has off-site 
effects. At the same time the eroding land is being depleted, the 
quality of the receiving waters is being degraded because of pollution 
by materials in solution and by adsorbed compounds in the sediments. 
In the following sections, the results and discussion for three 
land treatment practices are given. Data in these practices were not 
available on every year of the 1968 to 1970 period. Nevertheless, they 
A  ^^ f f *"1^  A"**  ^ f  ^1 o -J ^  4" « 
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points of view. These practices are none (summer fallow), permanent 
cover (meadow), and exposed subsoils (scalped areas). 
The summer fallow plots are part of the long-time experiments 
measuring soil and water losses from Ida soils in Western Iowa Experi­
mental Farm, Castana, Iowa (Area A) since 1960, and supervised by the 
personnel of the U.S.D.A.-ARS, Soil and Water Conservation Research 
Division. The exposed subsoil areas are also experiments under the 
supervision of the above personnel and are located at Soldier, Iowa 
(Area A). 
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The permanent cover or meadow watersheds are located at the Cingles 
tract (Watersheds 3 and 6) of Area A and on waterhed 3 of the Treynor 
Watersheds (Area B). The latest being supervised by the U.S.D.A,-
ARS personnel. 
None : Summer fallow is the practice of keeping land free of 
vegetation throughout the growing season for the purpose of storing a 
portion of rainfall of that season for use by the next crop. This 
function can be only accomplished if there is sufficient rain during the 
fallow period to increase soil's moisture content below 4 to 8 inches 
deep, otherwise, it will all be lost by evaporation. 
The benefit of keeping the land free of growing crops to store 
water is questionable on western Iowa soils. These soils average about 
12% in slope and soil losses from fallow are very high. Soil losses on 
the Ida silt loam were 15.16 tons per acre in 1970 with an average of 
68.9 tons per acre per year over 1968-1970 period. Runoff amounted to 
1.69 inches and 4,66 inches for the same periods. 
The fallow plots provided a s-easure of the minimurr. soil moisture 
variability in the 1970 cropping season. Table 48 summarizes the changes 
in soil moisture throughout the season at 5 foot depth. 
Soil moisture below the 2nd foot was unchanged throughout the season. 
We had no moisture stored since the total precipitation at Castana was 
about 4.54 inches during the cropping season and all of it plus an average 
of 0.5 inch from the pre-season soil moisture was lost by evaporation. 
One disadvantage of the fallow plot method is that natural overland 
flow from neighboring land is eliminated, and sometimes the runoff in 
the plot area concentrates on one side, flowing along the divider strips. 
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When the plots are only a few feet wide, as the ones are at Castana, 
cultural operations have to be performed with hand tools. Consequently, 
these soil conditions are not identical with those under ordinary 
farming. 
Permanent cover : Meadow or pasture crops provide an important 
source of income on many corn belt farms. They contribute to an effi­
cient agriculture in two important ways. First, directly by being of 
value as food for the production of livestock. Second, indirectly by 
decreasing soil erosion. 
Table 49 summarizes the alfalfa produced at the Cingles tract from 
1968 to 1970. Hay production was calculated by harvesting the whole 
area. 
Pasture production in T/A of bromegrass produced and pasture yield 
measured by animal performance on watershed 3 of the Treynor area are 
given in the next two tables (Tables 50 and 51). 
Early investigations of animal intake on pasture employed a number 
of clipping techniques. Where relatively long-term estimâtes of intake 
are required, it is necessary to protect specific areas from grazing to 
estimate plant growth effects. 
Yield of pasture herbage in terms of animal performance are 
summarized in Table 50. Pasture production measurements on pasture 
being grazed was done by clipping techniques to measure intake. Table 
51 reports the amount of pasture produced and amount of pasture wasted. 
Approximately 47% of the total production was wasted by animals on 
pasture. 
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Table 48. Change in Soil Moisture Between Dates Indicated During the 
Growing Season of 1970 for the Fallow Plots at Western Iowa 
Experimental Farm 
Growing 
Dates season 
Rep Site 4/24 a 6/9 6/23 7/8 7/22 8/4 8/18 total inches 
1 Top +.75 - .48 +.36 -. 84 0 - .48 -.70 
1 Bottom +.92 -.24 -.48 - .48 0 -.12 -.40 
2 Top +.87 -.24 -.12 -.60 -.12 0 -.21 
2 Bottom 1.28 0 -. 84 +. 12 -.24 0 +.32 
^Pre-season soil moisture (4/24) was 11.61 and 11.32 inches, 
respectively at top and bottom sites. 
Table 49. Hay Production in T/A at Gingles Watersheds, 1968-1970 
Year 3-year 
Watersheds 1968 1969 1970 average 
NW (#6) 2.89 3.82 4.32 3.68 
SE (#3) 2.34 3.33 4.34 3.34 
Table 50. Cattle Record at Watershed 3, Treynor, lowa^ 
1968 1970 1971 
No. cattle put on pasture 136 155 151 
No. cattle end of season 136 153 151 
Uate on pasture April 23 May 2 April zy 
Date off pasture Aug. 3 Oct. 22 Sept. 4 
Days on pasture 102 173 129 
Weight in (lbs.) 554 427 598 
Weight out (lbs.) 707 598 780 
Gain per head (lbs.) 153 171 182 
Gain per day (lbs.) 1.50 .99 1.42 
Gain per acre (lbs.) 195 236 255 
^Measuring pasture yield by animal performance. 
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Table 51. Pasture Production in T/A at Watershed 3, Treynor, Iowa, 1971^ 
Position Cuts Total 
(slope) 1st 2nd 3rd 3 cuts 
(Produced)^ Top 
Middle 
Bottom 
2.85 
2.67 
3.03 
1.18 
1.21 
1.20 
.53 
.44 
.42 
4.56 
4.32 
4.65 
Average 2.85 1.20 .46 4.51 
(Wasted)^ Top 
Middle 
Bottom 
2.01 
1.22 
1.80 
0.82 
0.09 
0.37 
0.00 
0.00 
0.00 
2.83 
1.31 
2.23 
Average 1.68 0.43 0.00 2.12 
% b from a 59 36 0 47 
a 
Bromegrass production calculated by clipping methods. 
Table 52. Analysis of Variance 
(1st Cut) 
- Variation in Yield Due to the Variates 
Model Variate Sum of squares DF Mean square F 
A Reps 
B Sets/Keps 
C Location 
AC Reps X Location 
E Error 
3,905 
0.652 
0.388 
0.402 
1.959 
2 
3 
2 
4 
6 
1 = 953 
0.217 
0.194 
0.100 
0.327 
5.98* 
0.67 
0.60 
0.31 
Total 7.307 17 
Siontficant af: the .OS level nf nrnhahilTtv. 
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Analysis of variance on the yield produced at different cuts and 
on the amounts of pasture consumed are summarized in Tables 52 to 57. 
Significant yield differences were obtained from cut to cut and 
among reps or sections of the watershed. 
Pasture wasted decreased throughout the cropping season as animal 
rotation between sections increased in accordance to the pasture avail­
ability and performance. 
In 1971, total live weight produced per acre was 256 lbs. of beef. 
Average hay produced was 4.51 tons per acre. The conversion ratio of 
forage to beef calculated from the above is 35:1. However, only 53% 
of the pasture was transformed to beef. 
The most accurate and versatile determination of utilization is 
by clipping to measure the difference in herbage before and after grazing 
or between grazed and ungrazed plots (Brown, 1954). 
The Cage technique provides useful intake estimates over short 
periods with simple equipment. Disadvantages include the limited scope 
of the method and the fact that individual animal intakes can not be 
obtained unless each animal is placed on a separate plot. Errors will 
vary with conditions, but careful investigators should be able to 
estimate intake within ^10 percent. 
Table 58 provides a measure of the soil moisture used by alfalfa 
as compared with corn on ridges and surface contoured watersheds. 
Moisture consumed by alfalfa was the greatest at both extremes of 
moisture availability (1968 and 1970). 
Table 59 provides also a measure of the évapotranspiration or moisture 
use by bromegrass crop as compared with corn on terraces and surface 
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Table 53. Analysis of Variance - Variation in Yield Due to the Variâtes 
(2nd Cut) 
Model Variate Sum of squares DF Mean square F 
A Reps 0.737 «1 2 0.369 1 3.14 
B Sets/Reps 0.978 X 10-2 3 0.326 X 0.28 
C Location 0.254 X 10 2 0.127 X 10 " 0.01 
AC Reps X Location 0.679 4 0.170 1,44 
E Error 0.705 6 0.118 
Total 2.222 17 
Table 54. Analysis of Variance - Variation in Yield Due Lo the Variates 
(3rd Cut) 
Model Variate Sum of squares DF Mean square F 
A Reps 0.161 2 0.807 X lO'j- 5.60* 
B Sets/Reps 0.139 3 0.463 X 10" 3.21 
C Location 0.360 X 10 2 0.180 X 10 1.25 
AC Reps X Location 0.362 , 4 0,905 X io"r 6.28* 
E Error 0.866 X 10 6 0.144 X 10 
Total 0.785 17 
k 
Significant at the . 05 level of probability. 
Table 55. Analysis of Variance - Variation in Pasture Consumption Due 
to the Variates (Y^-Waste^) 
Model Variate Sum of squares DF Mean square F 
A Reps 0.864 2 0.432 1.32 
B Sets/Reps 0.652 3 0.217 0.67 
C Location 1.148 2 0,574 1.76 
AC Reps X Location 1.811 4 0.453 1.39 
E Error 1.959 6 0.327 
Total 6.434 17 
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Table 56. Analysis of Variance - Variation in Pasture Consumption Due 
to the Variates (Yg-Wasteg) 
Model Variate Sum of squares DF Mean square F 
A Reps 0.612 2 0.306 2.81 
B Sets/Reps 0.172 3 0.575 X 10" 0.53 
C Location 1.800 2 0.900 8.27 
AC Reps X Location 0.614 4 0.153 1.41 
E Error 0.653 6 0.109 
Total 3.852 17 
it 
Significant at the .05 level of probability. 
Table 57. Analysis of Variance - Variation in Pasture Consumption Due 
to the Variates (Y^-Waste^) 
Model Variate Sum of squares DF Mean square 
A Reps 
B Sets/Reps 
C Location 
AC Reps X Location 
E Error 
Total 
0.161 2 
0.139 
_ 1  3 
0.360 X 10 2 
0.362 
_ 1 4 
0.866 X 10 6 
0.785 17 
0.807 X 10" 5.60* 
0.463 X 10"! 3.21 
0.180 X 10": 1.25 
0.905 X 10" 6.28* 
0,144 X 10" 
* 
Significant at the .05 level of probability. 
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Table 58. Evapotranspiration or Moisture Use at Cingles Experimental 
Watersheds, Castana, Iowa, 1968-1970 
Practice Slope 1968 1969 1970 
Contouring (com) Top 29.2 22.0 19.0 
Middle 28.4 20.2 17.4 
Bottom 28.3 20.2 19.2 
Average 28.6 20.8 18.5 
Ridges (corn) Top 29.5 21.9 18.3 
Middle 28.5 19.1 17.2 
Bottom 30.4 20.6 17.6 
Average 29.5 20.5 17.7 
Meadow (alfalfa) Top 31.1 18.9 20.9 
Middle 31.4 19.1 19.6 
Bottom 34.2 17.3 20.4 
Average 32.2 18.4 20.3 
Table 59. Evapotranspiration or Moisture Use at Treynor Experimental 
Watersheds, 1968-1970 
Practice Position 1968 1969 1970 
Contouring Top 22.3 25.2 25.3 
Middle 21.9 24. 9 25.1 
Bottom 21.8 24.7 24.0 
Average 22.0 24.9 24.8 
Terraces Middle 26.6 25.5 24.0 
Bottom 26.4 24.1 23.3 
Average 26.5 24.8 23.7 
Meadow (bromegrass) Top 20.8* 23.7 23.9 
Middle 20.8 24.7 25.0 
Bottom 20.8 23.0 23.2 
Average 20.8 23.8 24.0 
a 
Average of the three sites. 
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contoured at Treynor watersheds.' 
Consumptive water use, given in Table 59,has been calculated from soil 
moisture and other hydrological variables as explained in section B of 
the Experimental Methods and Procedures Chapter. Data by sources are 
reported in Appendix B. 
Subsoil plots; Exposure of subsoils is a serious problem on 
basin terraces, cut slopes, barrow areas, earth fills, highway backs lopes, 
and similar areas in the Monona-Ida-Hamburg soil association area of Iowa. 
Silt eroded from exposed subsoils in one year can drastically reduce the 
capacity of a road ditch or a basin terrace for conducting or storing 
water. 
On an experiment conducted by Moldenhauer et al. on a scalped area 
of Ida silt loam near Soldier, Iowa (Monona County) soil moisture measure­
ments were made throughout the 1970 growing season. Table 60 summarizes 
the result of the experiment at the moisture sites. 
Yields from the irrigated manure plots (2b) averaged 156 bushels 
per acre, however, unirrigated manure plots averaged 9 bushels per acre. 
Non-manured plots (8b in particular) averaged 131 bushels per acre when 
irrigated. This yield was different by 25 bushels per acre when compared 
with manured plots. However, when the treatments were not irrigated 
they averaged 19 bushels per acre iii the overall. 
The amount of water added by irrigation was 22.2 inches and 15.1 inches 
rainfall, making a total of 37.3 inches available for évapotranspiration. 
33 inches on the average were lost on the irrigated plots and 19 inches 
in the non-irrigated plots. Meaning, that 14 inches of irrigation water 
made for the difference in yield between the irrigated and non-irrigated 
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Table 60. Yield, Stand, and Consumptive Water Use at Moisture Sites on 
Scalped Area, Soldier, Iowa 1970 
Rep. Plot no. Yield Stand Subsoil Irrigation Cif 
I 2b 160.8 20,213 Ida-like Yes 32.5 
8b 112.5 20,213 Ida-like Yes 33.2 
II 2b 150.7 20,910 Ida-like Yes 33.8 
8b 149.9 20,213 Ida-like Yes 33.4 
I 2b 6.4 19,864 Ida-like No 19.6 
8b 46.0 21,956 Ida-like No 18.6 
6b 2.1 18,470 Ida-like No 19.2 
Check 01 38.2 20,562 Ida-like No 17.0 
Check 02 6.0 20,213 Ida-like No 15.7 
II 2b 11.6 20,910 Ida-like No 19.8 
8b 19.7 19,864 Ida-like No 19.2 
6b 4.9 19,168 Ida-like No 19.5 
& 
Cu = Consumptive water use or évapotranspiration in inches of H^O 
in a 5 foot profile from April to September. 
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plots. 
The poor cropping conditions of the 1970 season emphasize the impor­
tance of maximizing moisture use in corn production in an area of moisture 
deficiency such as western Iowa. 
Results from exposed subsoil experiments at the Monona-Ida-Hamburg 
soil association area indicate that manure was a superior treatment in 
1968, 1969, and in this particular experiment in 1970. 
Land scalping as in terrace construction in this area would increase 
cost of production because in addition to extreme deficiencies of plant 
nutrients (nitrogen and phosphorus), these truncated areas are frequently 
deficient in plant-available zinc. However, there should be no need to 
delay row cropping of the terraced area if besides the use of a good 
fertility program, manure is applied to the scalped sites. 
a. Year by year analysis Fallow plots, scalped area (subsoil 
plots), and permanent cover (meadow watersheds) were discussed preceding 
this section, because we had only one year of data from each of these 
pracCiÇÇÇ: In the present secf'.on we will disctiss the following prac­
tices by areas. Surface contoured vs ridged corn at the Cingles tract 
(Area A) and surface contoured vs terraced corn at the Treynor Water­
sheds (Area B). In this study, data were obtained on 23 variables 
postulated to affect corn yield. To this basic core of 23 variates 
postulated to have the most effect upon corn yield were added 4 
factors and some associated interactions (Table 3) which were part 
of the classification model used throughout this study in analyses 
of variances. 
Helarctos II, a multiple regression program, was used because of 
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its ability to generate the dummy classification variates in full rank 
reparametrized form through transformation. Because, in a year by year 
analysis we were restricted by the number of observations available for 
every practice (contouring, ridges, and terraces), a three year period 
was used in every case to develop a matrix of correlation coefficients 
between all the independent variates (including the classification 
variates) and between each of these independent variates and the dependent 
variate, corn yield. 
For some variates such as, air and soil temperatures we had only 
one observation for the whole area and not for every site where yield 
was recorded. The inclusion of such observations (repeated by sites) 
yielded an X'X matrix which was ill-conditioned, that is, nearly 
singular. The program was able to work when such variates were removed 
from the analysis. 
In a year by year analysis we wanted to include in the equation 
only those X's which were more significant, and criteria 1 (methodology) 
was uosd whsrG we wsrs restricted by the tiuinber of observations. 
Area A (Cingles Watersheds) 
Practices discussed in this section include surface contoured (Tables 
61 to 64) and ridged corn (Tables 65 to 68). 
2 Contoured corn; The R value of .86 indicates that 86 percent of 
the variation in corn yield was explained by the independent variates 
of Model I, 89 percent and 82 percent for Models II and III respectively. 
The mean square due to regression divided by the mean square of the 
deviations from regression resulted in an F ratio which was not signif­
icant at the 5 percent level for any of the models. Therefore, the 
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Table 61. Model I - î^ltiple Regression Statistics on Surface Contoured 
Corn at the Cingles Tract, 1968 
Variate 
Mean 
or 
Entry 
A Equation 
Y = a S(b^) t 
Significance 
level b 
(Y) 94.11 - - - - - - - - - - - -
Constant - - - -333.616 254.51 1.31 .30 
Watersheds 1 -4.347 2.29 1.90 .14 
Pre-season soil 
moisture 11.58 21.046 X 26.37 0.80 .48 
June soil moisture 11.86 
-24.019 Xg 27.51 0.87 .45 
Critical soil 
moisture 11.08 3.364 X, 
4 
6,45 0.52 - — -
N 2.54 50.968 Xg 47.42 1.08 .38 
P 0.27 262.350 X, 225.79 1.16 .35 
K 1.32 66.094 X 37.36 1.77 .18 
Stand 15.31 9.403 Xg 4.87 1.93 .14 
^Values for the regression coefficients have been rounded to the 
third decimal position. 
^** = .01, * = .05, and values equal to or greater than 0.50 level 
of probability are omitted if of no agronomic values. 
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Table 62. Model II - %ltiple Regression Statistics on Surface Contoured 
Corn at the Gingles Tract, 1969 
Variate 
Mean 
or 
Entry 
A Equation 
S(b^) t 
Significance 
level b 
(Y) 98.36 - - - - - -
Constant - - - 114.843 56.00 2.05 ,14 
Watersheds 1 -7.372 2.10 3.51 * 
Pre-season soil 
moisture 13.63 
-2.853 Xg 2.08 1.37 .30 
June soil moisture 13.09 
-1.825 Xg 4.38 0.42 - - -
Critical soil 
moisture 10.56 2.275 X, 
4 4.57 
0,50 — - — 
N 2.72 -9.401 Xg 12.31 0,76 .50 
P 0.30 -74.062 X 60.29 1,23 .34 
K 1.73 11.733 X^ 9.80 1.20 .35 
Stand 17.08 2.903 Xg 1.73 1.68 .20 
Values for the regression coefficients have been rounded to the 
third decimal position. 
** = .01, * = .05 and values equal to or greater than 0.50 level 
of probability are omitted if of no agronomic value. 
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Table 63. Model III - Multiple Regression Statistics on Surface Con­
toured Corn at the Gingles Tract, 1970 
Variate 
Mean 
or 
Entry 
^ Equation 
Y = a + Zhux^ S(b^) t 
Significance 
levelb 
(Y) 24.13 " - — - -  - -
Constant - - - -152.098 180.85 0.84 .47 
Watersheds 1 2.084 
"l 14.00 
0.15 
Pre-season soil 
moisture 12.23 -1.169 ^ 2 12.94 0.09 
June soil moisture 11.82 1.035 S 8.57 0.12 ---
Critical soil 
moisture 8.23 3.889 8.50 0.46 - — -
N 2.31 51.415 ^ 5 143.63 
0.36 - - -
P 0.25 -208.470 411.40 0.51 - - -
K 1.63 -11.674 
*7 
29.91 0.39 -
Stand 14.34 6.929 %8 10.80 0.64 ---
^Values for the regression coefficients have been rounded to the 
third decimal position. 
= .01, * = .05, and values equal to or greater than 0.50 level 
of probability are omitted if of no agronomic value. 
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Table 64. Analysis of Variance for the Regression Models of Surface 
Contoured Corn on the Selected x Variates at the Cingles 
Tract, 1968 to 1970 
2 
Model Source of variation d.f. S,S, M.S. F R 
I-1968 Regression 8 571.96 71.50 2.36 .86 
Error 3 90.91 30.30 
II-1969 Regression 8 617.62 77.20 3.16 .89 
Error 3 73.41 24.47 
III-1970 Regression 8 2217.79 277.22 1.67 .82 
Error 3 499.51 166.50 
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Table 65. Model I - Multiple Regression Statistics on Ridged Corn at 
the Gingles Tract, 1968 
Variate 
Mean 
or 
Entry 
A Equation 
Y = a 8(5^) t 
Significance 
levé lb 
(Y) 72.81 — -
Constant -147.956 150,33 0.98 .40 
Watersheds 1 -2.780 3.69 0.75 - - -
Pre-season soil 
moisture 11.95 -8.857 X 7.66 1.16 .35 
June soil moisture 11.40 3.077 X 6,07 0.51 - - -
Critical soil 
moisture 11.34 -0.833 X, 
4 
2.49 0.33 — - — 
N 2.64 34.708 X 33.34 1.04 ,38 
P 0.28 472.010 Xf 
0 
333.24 1.42 .25 
K 1.18 28.579 X^ 36,40 0.79 .48 
Stand 12.68 3.268 Xg 1.23 2.67 .08 
^Values for the regression coefficients have been rounded to the 
third decimal position. 
= .01, * = .05, and values equal to or greater than .50 level 
of probability are oinitted if of no agronomic value. 
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Table 66. Model II - Multiple Regression Statistics on Ridged Corn at 
the Cingles Tract, 1969 
Variate 
Mean 
or 
Entry 
A Equation 
Y = a + 2bj,x^^ S(b^) t 
Significance 
levelh 
(Y) 99.88 - - - - ---- - - -
Constant - - - 353.687 127.24 2.78 .07 
Watersheds 1 -5,696 2.02 2.81 .07 
Pre-season soil 
moisture 13.00 
-1.717 Xg 1.30 1.32 .30 
June soil moisture 13.73 4.838 X 3.37 1.44 .25 
Critical soil 
moisture 11.73 -8.350 X, 4 2.54 3,29 
* 
N 2.68 -114.835 X 42.04 2.73 .07 
P 0.31 64.198 X. 
0 
55.30 1,16 .35 
K 1.56 21.971 X^ 17.23 1.28 .32 
Stand 16.02 3.328 X 1.04 3,21 * 
^Values for the regression coefficients have been rounded to the 
third decimal position. 
= .01, * = .05, and values equal to or greater than .50 level 
of probability are omitted if of no agronomic value. 
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Table 67. Model III - Dtiltiple Regression Statistics on Ridged Corn at 
the Cingles Tract, 1970 
Mean 
Variate 
or 
Entry 
A Equation 
Y = a S(b^) t 
Significance 
leve lb 
(Y) 45.84 — - - - - - - - - - -
Constant 241.554 75.79 3.19 •k 
Watersheds 1 1.677 1.91 0.88 .45 
Pre-season soil 
moisture 11.80 4.440 X 2.72 1.63 .20 
June soil moisture 13.18 -3.666 X 3.45 1.06 w
 
o
o
 
Critical soil 
moisture 9.44 0.964 X, 
4 
2.99 0.32 
N 2.31 -59.453 X 33.99 1.75 .18 
P 0.26 -58.876 X, 
b 
36.05 1.63 .20 
K 1.32 34.789 X 9.98 3.49 )V 
Stand 13.64 
-7.457 Xg 2.09 3.56 * 
^Values for the regression coefficients have been rounded to the 
third deciroal position. 
= .01, * = .05, and values equal to or greater than .50 level 
of probability are omitted if of no agronomic value. 
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Table 68. Analysis of Variance for the Regression Models of Ridged Corn 
on the Selected x Variates at the Cingles Tract, 1968-1970 
Source of 2 
Model variation d.f. S.S, M.S. F. R 
I-1968 Regression 8 1408.30 176.04 2.79 .88 
Error 3 189.09 63.03 
II-1969 Regression 8 1347.32 168.42 10.23* .97 
Error 3 49.40 16.47 
III-1970 Regression 8 533.54 66.69 3,13 .89 
Error 3 64.01 21.34 
^Significant at the .05 level of probability. 
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regression equation did not significantly explain all of the variations 
in corn yield. However, no further variates were added to the models 
because of the restriction on the degrees of freedom available. 
The sample regression coefficients were tested with a "t" test to 
determine their levels of significance (the null hypothesis being that 
the b^ values were no different from zero). Only those variates signif­
icant at less than 50 percent level of probability were considered for 
inclusion in future models. Watersheds were significant at .05 level 
of probability in the 11-1969 model. 
2 
Ridged corn: The R value of .97 for Model 11-1969 indicates that 
97 percent of the variation in corn yield was explained by the independent 
variates included in the model. The F-value of 10.23 is significant at 
the five percent level. Therefore, the null hypothesis that the regres­
sion equation did not significantly explain the variations in corn yield 
was rejected. 
Critical soil moisture and stand were also significant at the .05 
level of probability (Table 66). 
For Model III-1970, the sample regression coefficients stand and 
potassium were significant at the .05 level of probability (Table 67). 
Area B (Treynor Watersheds) 
In 1963, studies were initiated by the ARS in cooperation with 
the experiment station on four watersheds near Treynor, Iowa to study 
factors affecting gully formation in deep loess derived soils of western 
Iowa and on the effect of a range of cultural practices on hydrology and 
erosion of these soils (Table 2). 
Tv/o of the watersheds are in surface contoured corn. One watershed 
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is completely terraced with push-up, steep backslope terraces and one 
watershed is in bromegrass pasture. 
Practices discussed in this section include surface contoured corn 
and corn grown on level terraces (grass backslopes) fields in the experi­
mental watersheds at Treynor, Iowa. 
Contoured corn: A year by year analysis of variance of data from 
the fields of contoured corn was done for each separate watershed for 
the years of 1968 through 1970, The results are reported in Tables 69 
through 80. 
The method of least squares (fitting constants) was used to obtain 
test of significance for the main effects since we were dealing with 
unequal number of observations in the subclasses (Set 1 of watershed 1 
and set 10 of watershed 2 contain more observations than any other set). 
The year by year analysis of variance of the surface contoured corn 
permits yield comparison among different soil types and among the slope 
positions within the watersheds. 
A comparison of corn yields among different soil conditions in 1968 
to 1970 is given in Table 81. 
In 1968, yield was significantly different by position and sets on 
watershed 1. Stand had a significant effect on ear weight. For water­
shed 2, variation of ear weight was explained by soil type and stand, 
but neither variate had a significant effect on yield. 
In 1969, stand and sets explained the variation in yield and ear 
weights in watershed 2. They also were of significance explaining ear 
weight in watershed 1. But only stand had a significant effect on 
yield in watershed 1. 
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Table 69. Least-Squares Analysis of Variance - Variation in Yield on 
Watershed 1, After Adjustment for Stand at Treynor, Iowa, 1968 
Variate Sum of squares DF Mean square F 
Total 5755.290 37 
Total Reduction 5148.137 20 257. 406 7. 21 
C.F. 461.073 1 461. 073 12, 91 
Set 1755.154 10 175. 515 4. 91** 
Variety 197.418 2 98. 709 2. 76 
Soil Type 253.225 4 63. ,306 1. 77 
Position 381.829 2 190, ,914 5. 35* 
Stand (Linear) 0.605 1 0. ,605 0. 02 
Error 607.153 17 35, ,715 
* 
Significant at the 0.05 level of probability. 
Significant at the 0.01 level of probability. 
Table 70. Least-Squares Analysis of Variance - Variation in Ear Wt. on 
Watershed 1 After Adjustment for Stand at Treynor, 1968 
Variate Sum of squares DF Mean square 
Total 
Total Reduction 
C.F. 
Set 
Variety 
Soil Type 
Position 
Stand (Linear) 
Error 
12.600 X 10"^ 
8.597 X lO"-
1.357 X 10"^ 
4.301 X 10":: 
0.452 X 10":: 
1.910 X 10"^ 
0.913 X 10":: 
1.818 X 10"^ 
4.003 X 10" 
37 
20 Û.430 X 
1 1.357 X 
10 0.430 X 
2 0.226 X 
4 0.478 X 
2 0.456 X 
1 1.818 X 
17 0.235 X 
io:; 1.83 
10.3 5.76 
10_3 1.83 
0.96 3 
10 3 2.03 
10 1 1.94 
10" 7.72* 
10 
* 
Significant at the .05 level of probability. 
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Table 71. Least-Squares Analysis of Variance - Variation in Yield on 
Watershed 2, After Adjustment for Stand, Treynor, 1968 
Variate Sum of squares DF Mean square F 
Total 12692.690 38 
Total Reduction 9208.132 19 484.638 2.64 
C.F. 488.675 1 488.675 2.67 
Set 2387.213 11 217.019 1.18 
Soil Type 1431.076 4 357.769 1.95 
Position 152.945 2 76.472 0.42 
Stand (Linear) 2.213 1 2.213 0.01 
Error 3484.558 19 183.398 
Table 72. Least-Squares Analysis of Variance - Variation in Ear Wt. on 
Watershed 2, After Adjustment for Stand, Treynor, 1968 
Variate Sum of squares DF Mean square F 
Total 32.100 X 10 3 38 
Total Reduction 23.159 X 10 3 19 1.219 X 10 3 2,59 
C.F. 1.336 X 10 3 1 1.336 X 10 3 2.84 
Set 8.659 X 10 3 11 0.787 X 10 3 1.67 
Soil Type 7.357 X 10 3 4 1.839 X 10 3 3.91* 
Position 2.182 X 2 1.091 X 10 3 2.32 
5.208 1 5,208 X 11.07" 
Error 8.941 X 10 ^ 19 0.471 X 
Significant at the .05 level of probability. 
** 
Significant at the .01 level of probability. 
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Table 73. Least-Squares Analysis of Variance - Variation in Yield on 
Watershed 1, After Adjustment for Stand at Treynor, 1969 
Variate Sum of squares DF Mean square F 
Total 48778.560 37 
Total Reduction 47282.709 18 2626.817 33.36 
C.F. 13525.046 1 13525.046 171.79 
Set 1580.731 10 158.073 2.01 
Soil Type 454.469 4 113.617 1.44 
Position 476.685 2 238.342 3.03 
Stand (Linear) 1789.867 1 1789.867 22.74 
Error 1495.851 19 78.729 
** 
Significant at the .01 level of probability. 
Table 74. Least-Squares Analysis of Variance - Variation in Ear Wt. on 
Watershed 1, After Adjustment for Stand at Treynor, 1969 
Variate Sum of squares DF Mean square 
Total 4489.700 X 10"^ 37 
Total Reduction 4476.565 X 10 3 18 248.698 X 10 
C.F. 1617.812 X 10-3 1 1617.812 X 10 
Set 28.874 X 10 3 10 2.887 X 10 
Soil Type 7.445 X 10_3 4 1.561 X 10 
Position 1.351 X 10 3 2 0.675 X 10 
Stand (Linear) 3.628 X 10 3 1 3.628 X 10 
Error 13.135 X 10 3 19 0.691 X 10 
-3 
-3 
-3 
-3 
-3 
-3 
-3 
359.74 
2340.15 
4.18** 
2.69 
0.98 
5,25* 
* 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
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Table 75. Least-Squares Analysis of Variance - Variation in Yield on 
Watershed 2, After Adjustment for Stand at Treynor, 1969 
Variâtes Sum of squares DF Mean square F 
Total 61691.540 38 
Total Reduction 60456.175 19 3181.904 48.94 
C.F, 17260.910 1 17260.910 265.47 
Set 1944.754 11 176.796 2.72* 
Soil Type 505.508 4 126.377 1.94 
Position 404.925 2 202.462 3.11 
Stand (Linear) 10394.184 1 10394.184 159.86*' 
Error 1235.365 19 65.019 
* 
Significant at the .05 level of probability. 
** 
Significant at the .01 level of probability. 
Table 76. Least-Squares Analysis of Variance - Variation in Ear Wt. on 
Watershed 2, After Adjustment for Stand at Treynor, 1969 
Variate Sum of squares DF Mean square F 
Total 4665,000 X 38 
Total Rcducticn 4623.069 X 19 243.-319 X io_! 110.25 
C.F. 2018.049 X 10 I 1 2018.049 X 10.3 914.42 
Set 89.249 X 10 3 11 8.114 X 10.3 3.68** 
Soil Type 10.284 X 4 2.571 X 10-3 1.17 
Position 4.542 X 10 3 2 2.271 X 10 ! 1.03 
Stand (Linear) 149.011 X lO'g 1 149.011 X 10": 67.52** 
Error 41.931 X 10 3 19 2.207 X 10 3 
Significant at the .01 level of probability. 
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Table 77. Least-Squares Analysis of Variance - Variation in yield on 
Watershed 1, After Adjustment for Stand at Treynor, 1970 
Variate Sum of squares DF Mean square F 
Total 3453.700 37 
Total Reduction 2692.325 18 149.574 3.73 
C.F. 146.421 1 146.421 3.65 
Set 446,483 10 44.648 1.11 
Soil Type 222.693 4 55.673 1.39 
Position 123.291 2 61.646 1.54 
Stand (Linear) 707.646 1 707.646 17.66** 
Error 761.375 19 40.072 
** 
Significant at the .01 level of probability. 
Table 78. Least-Squares Analysis of Variance - Variation in Ear Wt. on 
Watershed 1, After Adjustment for Stand at Treynor, 1970 
Variate Sum of squares DF Mean square 
Total 
Total Reduction 
C.F. 
Set 
Soil Type 
Position 
Stand (Linear) 
Error 
507.800 X 10"^ 
500.567 X lO"^ 
185.507 X 10"^ 
4.704 X lO", 
3.079 X 10 ^ 
1.111 X 10"^ 
20.594 X 10"^ 
7.233 X 10 
18 27.809 X 
1 185.507 X 
10 .470 X 
T-vn H- • ! t \J 
2 .555 X 
1 20.594 X 
19 .381 X 
10 ' 73.05 
10"^ 487.28 
10, 1.24 
10'; 2.02 
10"^ 1.46 
lO'i 54.10** 
10-3 
Significant at the .01 level of probability. 
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Table 79. Least-Squares Analysis of Variance - Variation in Yield on 
Watershed 2, After Adjustment for Stand at Treynor, 1970 
Variate Sum of squares DF Mean square F 
Total 10746. 190 38 
Total Reduction 8364. 250 19 440.224 3,51 
C.F. 651. 790 1 651.790 5.20 
Set 1062. 816 11 96.620 0.77 
Soil Type 425. 807 4 106.452 0.85 
Position 556. 571 2 278.285 2.22 
Stand (Linear) 1267. 133 1 1267.133 10.11** 
Error 2381. 940 19 125.365 
** 
Significant at the .01 level of probability. 
Table 80. Least-Squares Analysis of Variance - Variation in Ear Wt. on 
Watershed 2, After Adjustment for Stand at Treynor, 1970 
Variate Sum of squares OF Mean square F 
Total 707.600 X 10.3 38 _o 
Total Reduction 686.359 X 19 36.124 X 10-3 32.31 
C.F. 290.684 X l°-3 1 290.684 X 10 3 260.02 
Set 19.661 X 10:3 11 1.787 X 10 3 1,60 
Soil Type 6.753 X io_; 4 1.688 X 10-3 1.51 
Position 8.761 X 10 3 2 4.380 X 10 3 3.92* 
Stand (Linear) 0.737 X 10:3 1 0.737 X loi 0.66 
Error 21.241 X 10 3 19 1.118 X 10 3 
* 
Significant at the .05 level of probability. 
Table 81. Corn Yields (Bu/A) as Affected by Soil Conditions in Surface Contoured Corn at Treynor 
Watersheds 
Soil No. 1968 1969 1970 Aye. 
Watershed Position^ Plots Yield Stand Yield Stand Yield Stand Yield Stand 
Ida 6 123.5 15,472 144.8 17,473 116.9 17,835 128.4 16,927 
Monona 12 114.7 15,253 159.0 18,803 119.0 17,617 130.9 17,224 
Monona(eroded) 14 117.3 15,465 152.9 17,548 121.9 18,560 130.7 17,191 
Napier 3 128.0 15,423 150.2 17,424 126.3 17,593 134.8 16,813 
Napier(calcic) 5 130.6 16,005 153.5 18,121 133.6 19,662 139.2 17,929 
Ridge (T) 12 115.9 158.3 118.0 130.7 
Slope (M) 17 117.2 150.5 120.6 129.4 
Cove ( a) 11 128.4 156.4 127.7 137.5 
Ida 9 107.3 15,585 147.0 16,970 107.7 16,176 120.7 16,244 
Monona 13 107.0 17,147 157.2 17,312 108.4 17,065 124.2 17,174 
Monona(eroded) 5 105.0 16,354 151,6 17,496 110.7 16,414 122.4 16,755 
Napier 9 111.9 16,684 158.6 17,842 124.0 17,046 131.5 17,191 
Napier(calcic) 2 136.2 17,606 162.8 17,424 135.1 18,705 144.7 17,912 
Ridge (T) 10 104.5 155.8 108.4 122.9 
Slope (M) 14 109.1 147.0 106,1 120.7 
Cove (fi) 14 113.5 159.0 124.9 132.5 
^T = top, M = middle, B = bottom slopes position. 
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In 1970, stand was the only significant variate in explaining yield 
and ear weight differences in both watersheds. However, slope position 
was the only variate explaining ear weight differences on watershed 2. 
Corn variety was a variate included in the analysis of variance in 
1968, with no significance in either yield or ear weight. This variate 
was not included in the 1969 and 1970 analyses but a comparison of corn 
yields among different varieties from 1968 to 1970 is given in Table 82. 
Terraced corn: Terraces provide a more permanent means of runoff 
control on sloping lands than do other mechanical practices. 
In 1964, grass backslope level terraces were installed on one of 
four research watersheds in western Iowa (Treynor). A description of 
the research watersheds is given in Table 2. Following terrace construe 
tion, the entire area was fertilized annually with 110 to 150 pounds of 
N per acre and about 35 pounds of P. All cut areas received 10 pounds 
per acre of zinc as zinc sulfate. Higher N and P rates started in 1969. 
A year by year analysis by multiple regression statistics has been 
niads for the terraced area for the years of 196S through 1970. The 
results are reported in Tables 83 through 86. 
2 
The R values for the three models indicates how well the factors 
explained the variation in corn yield. 
The F-value for all three models is significant at 
level. Therefore, the null hypothesis that the regression equation did 
not significantly explain the variations in corn yield was rejected. 
The sample regression coefficients were tested with a "t" test to 
determine their levels of significance (the null hypothesis being that 
the b^ values were no different from zero). Only those variâtes 
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Table 82. Corn Yields (Bu/A) as Affected by Corn Variety in Surface 
Contoured Corn at Treynor Watersheds 
Year Watershed Corn variety No. plots Yield Stand 
1968 1 Acco Single Cross 9 115.8 15,229 
Northrup King 610 15 121.6 15,656 
Pioneer 314 13 124.6 15,960 
West Pott. 514 3 103.2 13,095 
2 Pioneer 314 12 111.6 15,472 
DeKalb XL361 18 107.8 17,977 
MaygoId 2036 8 110.1 15,132 
1969 1 DeKalb XL363 37 154.4 18,115 
West Pott. 44A 3 140.0 16,262 
2 Pioneer 3268 17 153.9 17,868 
Maygold 2036 20 155.5 16,974 
1970 1 DeKalb XL363 40 122.1 18,234 
2 Pioneer 314 18 110.9 16,063 
Maygold 2036 20 116.1 17,560 
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Table 83. Model I - Multiple Regression Statistics on Terraced Corn 
at Treynor, 1968 
Variate 
Mean 
or 
Entry 
^ Equation 
a + Zb^x^ S(b^) 
Sign 
level 
(Y) 112.70 
Constant 
Reps 1 1,-1 
2 
3 
4 
5 
6 
7 
8 
Sets 1 1,-1 
2 
3 
4 
5 
6 
7 
8 
9 
Location 1 
Stand 17.09 
June soil 
moisture 16.37 
Critical soil 
moisture 13.94 
Cu 26.49 
N 2.80 
P 0.27 
K 2.17 
•155.663 
4.463 X 
-7.135 X, 
-10.867 x; 
-4.789 Xf 
-2.321 X 
-6.884 X: 
8.523 X: 
10.214 x' 
1.033 X° 
0.467 X 
4.865 X 
-4.361 X 
7.776 X 
2.004 
-4.451 
0.894 
-1.122 x: 
-3.309 X 
2.102 X 
10 
11 
12 
13 
16 
17 
18 
19 
7.535 X, 20 
-2.639 X, 
4.262 x; 
23.416 x; 
-165.185 X; 
5.357 X 
21 
22 
23 
24 
25 
205.227 0.76 .48 
7.65 0.58 —  —  
7.59 0.94 .35 
8.41 1.29 .25 
9.94 0.48 - -
9.34 0.25 -  -
5.69 1.21 .25 
6.12 1.39 .20 
6.70 1.52 .15 
2.50 0.41 —  —  
5.35 0.09 —  -
5.33 0.91 .35 
5.97 0.73 .49 
6.42 1.21 .25 
8.79 0.23 —  -
5.49 0.81 .45 
5.81 0.15 
5.01 0.22 —  —  
5.04 0,66 -  -
2.11 1.00 .32 
6.13 1.23 .25 
9.92 0.27 mm — 
4.82 0.89 .35 
13.06 1.79 .11 
226.90 0.73 .49 
10.00 0.54 —  —  
^Values for the regression coefficients have been rounded to the 
third decimal point. 
= .01, * = .05, and values equal or greater than 0.50 level 
of probability are omitted if of no agronomic value. 
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Table 84. Model II - Multiple Regression Statistics on Terraced Corn 
at Treynor, 1969 
Variate 
Mean 
or 
Entry 
^ Equation 
Y = a + Eb^x^ S(b^) 
Sign , 
level 
(Y) 142.80 
Constants 
Reps 1 1,-1 
2 
3 
4 
5 
6 
7 
8 
Sets 1 1,-1 
2 
3 
4 
5 
6 
7 
8 
9 
Location 1 
Stand 17.15 
June Soil 
Moisture 17.64 
Critical Soil 
Moisture 16.61 
Cu 24.79 
N 3.24 
P 0.31 
K 2.52 
-79.118 
-16.611 X 
0.367 x; 
5.303 X^ 
-19.829 X^ 
-14.123 XZ 
12.748 X^ 
13.617 X* 
4.220 X, 
0.351 x; 
-3.967 X: 
2.073 X 
2.444 X 
0.715 X 
-13.200 X 
11.577 X 
-1.945 X 
-2.248 X 
-0.125 X 
6.908 X 
8 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
4.279 X, 20 
-3.219 X 
0.243 x; 
29.542 X 
-191.663 X; 
15.553 X; 
21 
22 
23 
24 
25 
291.51 
8.58 
9.34 
18.42 
11.23 
7.72 
8.09 
10.14 
7.34 
2 .26  
7.56 
8.65 
6.89 
7.11 
6.14 
10.07 
8.12 
6.59 
4.39 
2.24 
8.92 
14.47 
5.04 
45.07 
203.57 
12.03 
0.27 
1.94 
0.04 
0.29 
1.77 
1.83 
1.58 
1.34 
0.57 
0.15 
0.53 
0.24 
0.35 
0.10 
2.15 
1.15 
0.24 
0.34 
0.03 
3.08 
0.48 
0 . 2 2  
0.05 
0 .66  
0.94 
1.29 
.08 
.11  
.10 
.15 
. 2 2  
.06 
.30 
.35 
.25 
^Values for the regression coefficients have been rounded to the 
third decimal point. 
= .01, * = .05, and values equal or greater than 0.50 level 
of probability are omitted if of no agronomic value. 
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Table 85. Model III - Multiple Regression Statistics on Terraced Corn 
at Treynor, 1970 
Variate 
Mean 
or 
Entry 
^ Equation 
Y = a +E b.x.^ S(b.) 
11 1 
Sign 
level 
(Y) 
Constant 
Reps 1 
2 
3 
4 
5 
6 
7 
8 
Sets 1 
2 
3 
4 
5 
6 
7 
8 
9 
Location 
Stand 
June Soil 
Moisture 
Critical Î 
Moisture 
Cu 
111.28 
1,-1 
1 , - 1  
1 
15.15 
16.63 
14.71 
23.66 
-42.759 
3.411 X 
6.641 x; 
-16.346 X^ 
5.425 X^ 
-1.399 Xq 
-3.265 X; 
4.455 x! 
-9.089 X' 
5.780 X° 
1.703 x; 
-2.000 x!^  
8.358 " 
3.442 X 
•12.142 X 
1.307 X 
8.439 X 
-5.806 X 
2.436 X 
3.890 X 
12 
13 
14 
15 
16 
17 
18 
19 
-20.398 X, 20 
19.276 X, 
6.384 X; 21 22 
410.70 
6.56 
5.61 
5.98 
6.58 
5.84 
5.57 
7.13 
7.33 
2.09 
5.91 
5.00 
6.31 
4.92 
5.32 
5.43 
7.87 
5.83 
6.48 
0.85 
11.10 
18.57 
11.85 
0.10 
0.52 
1.18 
2.73 
0.83 
0.24 
0.59 
0 .62  
1.24 
2.76 
0.29 
0.40 
1.32 
0.70 
2 .28  
0.24 
1.07 
0.99 
0.38 
4.54 
1.84 
1.04 
0.54 
. 28  
* 
.42 
.25 
* 
. 2 1  
.49 
* 
.30 
.35 
** 
.08 
.32 
^Values for the regression coefficients have been rounded to the 
third decimal point. 
= .01, * = .05, and values equal or greater than 0.50 level 
of probability are omitted if of no agronomic value. 
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Table 86. Analysis of Variance for the Regression Models of Terraced 
Corn on the Selected x Variates at Treynor, 1968-1970 
Source of _ 
Model variation d.f. S.S. M.S. F R 
I-1968 Regression 
Error 
II-1969 Regression 
Error 
III-1970 Regression 
Error 
25 10739.87 
10 892.39 
25 17258.50 
10 1309.68 
22 8795.32 
13 1361.41 
429.60 4.81** .92 
89.24 
690.34 5.27** .93 
130.97 
399.79 3.82** .87 
104.72 
Significant at the .01 level of probability. 
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significant at less than 50 percent level of probability were considered 
for inclusion in future models. Stand was significant at the .05 level 
of probability in the 11-1969 and III-1970 models. 
A comparison of corn yields among different soil conditions in 1968-
1970 is given in Table 87a. Table 87b summarizes corn yields among 
different varieties. There is a definite effect of stand on variety 
performance. 
Corn yields for 1970 were lower on all watersheds (surface con­
toured and terraced) than the yields harvested in 1969. This decrease 
can be attributed to the crop stress resulting from a dry period in 
late June to early July. 
b. Period of three years analyses In this analysis, no restriction 
existed in the number of observations available. Therefore, the backward 
elimination technique was used to examine the "best" regression equation 
containing a selected number of variables. The basic steps of the 
procedures are outlined by Draper and Smith on pp. 167-169 of their 1966 
book "Applied Regression Analysis," A very simple example of the 
elimination technique is given in Table 117 through 119 of Appendix A 
of this report. 
To avoid confusion in this discussion, the regression model con­
taining all variable of interest is labeled Model IV (Full model) and 
the "best" model developed would be presented as Model V. 
Area A (Gingles Watersheds) 
Contoured corn: Table 88 presents the full regression model for 
surface contoured corn at the Gingles Experimental Watersheds. 
Table 87a. Corn Yields (Bu/A) as Affected by Soil Conditions in Terraced Corn at Treynor 
Watersheds 
No, 1968 1969 1970 Aye. 
Soil conditions plots Yield Stand Yield Stand Yield Stand Yield Stand 
p Terrace channel (18) 119,6 17,214 149.3 17,926 104.6 14,162 124.5 16,434 
0 Run on 8 122.5 16,915 152.3 18,876 117.0 16,530 130.6 17,440 
s Run off 8 122.2 17,787/ 152.6 17,932 110.8 14,210 128.5 16,643 
I Ponded 2 100.1 16,117 124.3 14,084 85.9 11,745 103.4 13,982 
T Interterrace (18) 105.5 16,972 136.1 16,376 121.2 16,507 120.9 16,618 
I Ridge 2 84.0 17,279 149.4 19,747 131.1 16,965 121.5 17,997 
0 Slope 12 104.1 17,036 129.0 15.420 110.3 15,494 114.5 15,983 
N Cove 4 120.4 16,625 150.7 17,569 122.3 17,062 131.1 17,085 
Ida Silt Loam 9 112.2 17,682 138.5 15,876 107.5 14,737 119.4 16,098 
0 Monona 7 107.7 17,465 152.3 19,871 119.7 16,111 126.3 17,816 
I Monona Eroded 11 103.0 16,526 131.0 15,522 109.5 15,449 114.5 15,832 
L Napier 6 129.4 17,617 156.7 17,642 116.5 15,225 134.2 16,828 
S Napier Calcareous 3 128.0 15,488 147.9 19,553 133.3 18,753 136.4 17,931 
^The above soils receive the notation 1, 2, 3, 4, 5 in that order (Ida silt loam, Monona, 
Monona eroded, Napier, Napier calcareous) throughout this report and in both areas of study. 
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Table 87b. Corn Yields (Bu/A) as Affected by Corn Variety in Terraced 
Corn at Treynor Watersheds, 1968-1970 
Year Corn variety No. plots Yield Stand 
1968 Pioneer 314 16 112.7 17,200 
XL 361 16 112.7 16,988 
Pioneer 3510 4 112.3 17,061 
1969 Pioneer 3268 4 146.7 19,747 
Maygold 2036 16 143.5 16,378 
Pioneer 314 4 106.5 11,326 
DeKalb XL363 12 152.7 17,184 
1970 Pioneer 314 4 133.0 19,575 
DeKalb XL363 38 112.2 15,179 
Table 88. Model IV - Analysis of Variance, Multiple Regression Statistics on Surface 
Contoured Corn at the Gin^les Tract, 1968-1970 
^ Equation 2 
Source of variation Mean Y = a + DF Sum of squares Mean square F R 
Total 
Error 
Regression 
35 
16 
19 
45776.47 
2604.67 
43171.80 
162.79 
2272,20 13.96** .94 
Reps 1 -10.519X 1 1354.24 1354.24 8 .32* .91 Sets 1 -7.887X, 495,92 247.96 1 .52 .93  Location 1 30.564x^ 1125,49 562.74 3 .46 .92 Reps X Location 1 30.229x2 902.64 451.32 2 .77 .92 Sets X Location 1 0.690x% 714.99 178.75 1 ,10 .93 
S 15.58 4.981x2 1 766.44 766.44 4 .71* .93 
Psm 12.48 -4 .197x°  1  438.05 438,05 2 .69 .93 
Jnsm 12.26 4.279x' 
15,743x5 
1  207.88 207,88 1 .28 .94 
Csm 9.96 1  1204,81 1204.81 7.40* .92 
Cu 22.67 0 .328xi  
56,196x::  
-33.345x7,  
-2 .331X, ,  
1  5 .32 5 .32 0 .03 .94 
N 2.52 1  1205.25 1205.25 7 .40* .92 
P 0.27 1 6 .88 6 .88 0 .04 .94 
K 1.56 1  2 .11 2 .11 0 .01 .94 
Constant 
Yield 72.20 
-298.591 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
^ The coefficient represents "mean effect." 
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2 The R of .94 indicates that 94 percent of the variation in corn 
2 yield was explained by the independent variates. The other R values, 
indicate the reduction in the proportion of the Y variance explained by 
the linear influence of that particular x variate. 
The significant F values for stand, critical soil moisture, and 
nitrogen indicate that these factors are highly important in explaining 
yield differences. The F test for the regression equation was signifi­
cant at the .01 level, indicating that it did explain most of the 
variations in corn yield. 
There were individual coefficients for sets, location, and the 
interaction terms, replications x location and sets x location indi­
cating the change in intercept for each set, location, and interaction 
term, respectively. The value given in Table 88 is the average coeffi­
cient for every particular variate. 
The reduced model, labeled the "best" model is presented as Model 
V in Table 89. This model is the product of selection. It includes 
factors which were the most effective in explaining variation in yield 
for surface contoured corn at the Gingles tract. 
Ninety percent of the variation in corn yield was explained by the 
independent variates. All the variates were significant, at least to 
the .05 level of probability. Stand, pre-season soil moisture, critical 
soil moisture, and nitrogen were the covariates used in this model to 
explain yield differences. 
Ridged Corn: Table 90 presents an analysis of variance for the 
full regression model (Model IV) on ridged corn at the Gingles experi­
mental watersheds. 
Table 89. Model V - Analysis of Variance, Multiple Regression Statistics on Surface Contoured 
Corn at the Cingles Tract, 1968-1970 
^ Equation 2 
Source of variation Mean Y = a + DF Sum of squares Mean square F R 
Total — — — — — — 35 45776.47 
Error — — — — — — 26 4697.19 180.66 
Regression 9 41079.28 4564.36 25.26** .90 
Reps 1 -7.242% 1+ 1337.47 1337.47 7.40* .87 
Location 1 18.688%, 2Î 1829.45 914.72 5.06* .86 
Reps X Location 1 19.817x^ 2^ 2582.78 1291.39 7.15* .84 
S 15.58 5.763x^ 1 1881.63 1881.63 10.42** .86 
Psm 12.48 -4.958x 1 1127.19 1127.19 6.24* .87 
Csm 9.96 14.438x^ 1 8475.71 8475.71 46.92** .71 
N 2.52 63.220X* 1 3183.65 3183.65 17.62** .83 
Constant — — -258.880 
Yield 72.20 — — — — 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
^ The coefficient represents "mean effect." 
Table 90. Model IV - Analysis of Variance, Multiple Regression Statistics on Ridged Corn at the 
Gingles Tract, 1968-1970 
^ Equation 2 
Source of variation Mean Y = a + DF Sum of squares Mean square F R 
Total 
Error 
Regression 
Reps 
Sets 
Location 
Reps X Location 
Sets X Location 
S 
Psm 
Jnsm 
Csm 
Cu 
N 
P 
K 
Constant 
Yield 
14.11 
12.25 
12.78 
10.84 
22.57 
2.54 
0.29 
1.35 
72.84 
3.319X 
G.324X, 
l.'5.698x^ 
-2.730x^ 
-3.753x% 
.'5.490x^ 
-0.020x5 
%.549x' 
5.265x9 
1.500x^ 
4:>.657x;'r 
115.363x1, 
. 103x^2 
-285.987 
35 
16 
19 
2+ 
2t 
2+ 
4t 
21109.29 
1990.72 
19118.57 
147.26 
869.21 
561.28 
416.95 
1323.57 
3064.26 
0.01 
180,62 
706.34 
453.18 
689.04 
2.50 
15.41 
124.42 
1006.24 8.09** .91 
147.26 1.18 .90 
434.61 3.49 .87 
280.64 2.26 .88 
208.48 1.68 .89 
330.89 2.66 .84 
3064.26 24.63** .76 
0.01 0.00 .91 
180.62 1.45 .90 
706.34 5.68* .87 
453.18 3.64 ,88 
689.04 5.54* .87 
2.50 0.02 .91 
15.41 0.12 .91 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
^ The coefficient represents "ireîan effect." 
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Ninety-one percent of the variation in corn yield was explained 
by the independent variates. Of which, stand, critical soil moisture, 
and nitrogen are the most important. 
Results for ridged and surface contoured watersheds were very 
similar in Model IV for the 1968 to 1970 period. Stand, critical soil 
moisture, and nitrogen were the most important covariates in both cases. 
The reduced model, labeled the "best" model for ridged corn is 
presented as Model V in Table 91. This model is developed from Model 
IV (ridged corn) by backward elimination and selection of the variables 
that most effectively explain variation in yield for this land treatment 
practice, 
2 
The R value of .86 indicates that 86 percent of the variation in 
corn yield was explained by the independent variates of Model V. The 
F ratio of 11.51 which is significant at the one percent level indicates 
that the regression equation was highly significant in explaining the 
variations in corn yield. Stand, critical soil moisture, and nitrogen 
were covariates of importance. 
Runoff and sediments were taken as inputs in the production function 
of Model IV on ridged and contoured corn. However, they showed no signif­
icance in affecting yield when ridged and surface contoured corn were 
compared. 
Table 92 shows the total surface runoff for 1968 to 1970 for the 
two ridged watersheds, and the two surface contoured watersheds. 
The total runoff was significantly lower for the ridged watersheds 
than the surface contoured watersheds. Runoff from the northmiddle 
watershed was higher than from the other ridged watershed. The reason 
Table 91. Model V - Analysis of Variance, Multiple Regression Statistics on Ridged Corn at the 
Gingles Tract, 1968-1970 
^ Equation 2 
Source of variation Mean Y = a + DF Sum of squares Mean square F R 
Total 
Error 
Regression 
Sets 
Location 
Sets X Location 
S 
Cam 
Cu 
N 
Constant 
Yield 
1 
1 
1 
14.11 
10.84 
22.57 
2.54 
72.84 
5.945x^ 
5.995%, 
-3.136X, 
6.248x" 
5.851xq 
0.411xJ 
48.795x^ 
-212.111 
35 
23 
12 
t 
21109.29 
3014.40 
18094.89 
972.13 
485.37 
1300.63 
6790.38 
1463.74 
106,22 
1597.77 
131 .06 
1507 .91 11. 51** .86 
486 .06 3. 71* .81 
242 . 68 1. 85 .83 
325 .16 2. 48 .80 
6790 .38 51. 81** .54 
1463 .74 11. 17** .79 
106 .22 0. 81 .85 
1597 .77 12. 19** .78 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
^ The coefficient represents "mean effect." 
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was because some problems of breakover of the ridges. The northmiddle 
watershed is 4.33 acres in size (3.68 cropping area) compared to 2.7 
acres (2.23 cropping area) for the southwest watershed. 
Table 92. Total Annual Surface Runoff for the Ridged and Surface 
Contoured Watersheds at the Gingles Tract, 1968-1970 
Total runoff (inches) 
Ridged Surface contoured 
Year NM SW SM NE 
1968 0.93 0.22 1.62 1.42 
1969 1.85 0.46 3.07 1.71 
1970 0.39 0.02 1.26 0.97 
Total yearly sediment losses could not be calculated because sedi­
ment losses from some storm events were not recorded. Sediment losses 
for the northmiddle, southmiddle, and northeast watersheds for certain 
storm events in 1968, 1969, and 1970 are given in Table 93. 
Sediment losses from the two surface contoured watersheds were 
usually greater than sediment losses from the ridged watersheds. 
The calculated sediment loads presented in Table 93 are only an 
estimate of the true sediment losses. But, with the field personnel 
and equipment available the above estimates of sediment losses are 
the best obtainable from the Gingles watersheds. 
Area B (Treynor Watersheds) 
At Treynor two of the watersheds are in surface contoured corn and 
labeled as watersheds 1 and 2. The other watershed of interest to the 
three year analysis is watershed 4 (Table 2). This watershed is 
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Table 93. Sediment Losses on Cingles Watersheds, 1968-1970 
Storm 
date 
#4 
Surface 
SM 
Sediment losses (T/A) 
#2 
Contoured 
NE 
#1 
Ridged 
NM 
#5 
Ridged 
SW 
#36c6 
Crass 
NW SE 
5-13-70 12.18 6.47 0.29 Trace Trace 
5-30-70 2.04 1.83 0.25 Trace Trace 
6-11-70 0.91 1.08 0.04 Trace Trace 
6-11-69 6.94 2.69 0.75 Trace Trace 
6-11-69 5.40 1.80 0.24 Trace Trace 
6-22-69 0.39 0.45 Trace Trace 
6-28-69 2.84 1.12 0.95 Trace Trace 
7-7-69 6.16 Trace Trace 
8-6-69 2.37 0.57 0.57 Trace Trace 
8-8-69 1.02 0.32 0.47 Trace Trace 
6-23-68 0.04 Trace Trace 
6-24-68 1.26 0.63 Trace Trace 
6-25-68 7.92 2.10 0.36 Trace Trace 
6-29-68 0.44 0.88 Trace Trace 
7-17-68 0.006 0.007 Trace Trace 
8-8-68 0.50 0.15 Trace Trace 
8-26-68 0.14 Trace Trace 
Table 94, Analysis of Variance - Multiple Regression Statistics on Surface Contoured Corn with 
N-P-K at Treynor, 1968-1939 
Source of variation Mean 
^ Equation 
Y = a DF Sum of squares Mean square R 
Total 
Error 
Regression 
Years 1 -23.484% 
Reps 1 3.001X 
Sets 1 4.775% 
Location 1 -6.490x 
Years x Location 1 -3.442X 
Reps X Location 1 -0.556x 
S 16.94 4.844x 
St 2.66 2.018X 
Sr 0.61 -126.842% 
Sd 1.23 3.546x 
N 2.94 7.841X 
P 0.28 92.312% 
K 2.22 -0.291X 
Constant 72.847 
Yield 135.35 
I 
143 
106 
37 
1 
1 
22 
82601.02 
t 
t 
Significant at the .05 level of probability. 
•kic 
Significant: at the .01 level of probability. 
^ The coefficient represents "mean effect." 
11253.47 106.17 
71347.55 1928,31 18.16** .86 
1432.95 1432.95 13,50** .85 
274.38 274.38 2.58 .86 
4820.67 219.12 2.06* .80 
348.56 174,28 1.64 .86 
1149.50 574,75 5.41** .85 
218,46 109,23 1.03 .86 
4212.42 4212.42 39.68** .81 
325,80 325.80 3.07 .86 
1513,14 1513.14 14.25** .85 
11.52 11.52 0.11 . 86 
173.30 173.30 1.63 .86 
447.43 447.43 4.21* . 86 
0.74 0.74 0.01 . 86 
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completely terraced with push-up, steep backs lope terraces. 
Before attempting the three year aggregate analysis, some two years 
regression models were developed for both land treatment practices 
(terraces and contouring). Leaf nitrogen, leaf phosphorus, and leaf 
potassium were included as covariates. 
Contoured Corn: Table 94 presents the analysis of variance -
multiple regression statistics on surface contoured corn for two years 
with N-P-K at the Treynor watersheds. 
2 The R of .86 indicates that 86 percent of the variation in corn 
yield on surfaced contoured corn was explained by the variates included 
in the model. The mean square due to regression divided by the mean 
square of the deviations from regression resulted in an F ratio of 
18.16 which is significant at the one percent level. Therefore, the 
regression equation significantly explained the variations in corn 
yield. Years, years interaction, stand, surface runoff, and percent 
phosphorus in corn leaves at 50% silking were the most significant 
vâ.r iates. 
The importance of years and years interaction as variate in the 
model can be demonstrated by Table 95. 
Table 95. Analysis of Variance of Model Developed and Reported in 
Table 94, Without Years and Years Interaction 
Source of variation DF Sum of squares Mean square F R^ 
Total 143 82601, .02 
Regression 34 60627 .65 1783.17 8.85** .73 
Error 109 21973 .37 201.59 
Significant at the .01 level of probability. 
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The F test, even though still significant to the .01 level of 
2 
probability, decreased from 13.96 to 8.85. The R explaining the per­
cent of variation taken into account in the model decreased from 86 
percent to 73 percent. However, for the purpose of this study the 
variate year was only included when there was one or more significant 
inputs on which measurements were not obtained. Any use of years in 
conjunction with soil moisture variates was avoided because years con­
founded some of the direct and indirect effects of soil moisture. 
Table 96 presents the full regression model for surface contoured 
corn at Treynor watersheds for the three year period 1968 to 1970. 
Eighty percent of the variation in corn yield was explained by 
the independent variates included in the model. The only covariates of 
no significance in the model were soil type and June soil moisture. 
There are only 7 access tubes for moisture measurements in watershed 
1 and 5 access tubes in watershed 2. In the statistical analysis pre­
sented in Table 96, soil moisture was allocated by sites using values 
from these twelve access tubes. The top, middle, and bottom location 
values were allocated to the most comparable of the 72 total sites per 
year used in the analysis. 
To check in the above procedure a selection was made at random of 
three yield sites per watershed per year. Three sites representing top, 
middle, and bottom slope position were used from set 1 on watershed 1 
and set 10 on watershed 2. The results of such inquiry are presented 
in Tables 97 (full model) and 98 (best model). 
The subset Model V developed for surface contoured corn at Treynor 
watersheds explain 99 percent of the variation in yield. All the 
Table 96. Model IV - Analysis of Variance, Multiple Regression Statistics on Surface Contoured 
Corn at Treynor, 1968-1970 
^ Equation 2 
Source of variation Mean Y = a + DF Sum of squares Mean square F R 
Total 
Error 
Regression 
Constant 
Yield 
215 
180 
35 
110033.18 
21988.95 
88044.22 
122.16 
2515.55 
-26.591 
129.70 
Significant at the .01 level of probability. 
^ The coefficient represents "ire;an effect." 
20.59** .80 
Reps 1 14.006x^ 
22 J 
21528.08 21528.08 176.23** .60 
Sets 1 9.739X, 4130.29 187.74 1.54 .76 
Location 1 8.74lx^ 2305.93 1152.96 9.44** .78 
Reps X Location 1 -6.243x6 3036.23 1518.12 12,43** .77 
S 17.16 3.284x: 1 6093.37 6093.37 49.88** ,72 
St 2.66 1.698x2 1 365.07 365.07 2,99 .80 
Sr 0.91 -33.318x5 1 7161.80 7161.80 58,63** .73 
Sd 2.13 -2.531x' 
25.458xg 
1 1958.70 1958.70 16.03** ,78 
Psm 16.88 1 12541.75 12541.75 102.67** .69 
Jnsm 17.42 -2.620xin 
-12.590x|y 
-2.195x^, 
1 202.71 202.71 1.66 .80 
Cam 15.86 1 3757.89 3757.89 30.76** .77 
Cu 24.34 1 642.96 642.96 5.26** .79 
Table 97. Subset Model IV -• Analysis of Variance, Multiple Regression Statistics on Surface Con­
toured Corn at Treynor, 1968-1970 
A Equation 2 
Source of variation Mean Y = a + Zb^x^ DF Sum of squares Mean square F R 
Total 
Error 
Regression 
Reps 
Location 
Reps X Location 
S 
Sr 
Sd 
Psm 
Jnsin 
Cam 
Cu 
Constant 
Yield 
1 
1 
1 
17.05 
0.92 
2.13 
16.88 
17.42 
15.86 
24.34 
128.48 
10.730X. 
13.046x, 
-8.295x^ 
9.254x^ 
-50.008x^ 
-5.151x^ 
23.944x5 
-1.299X 
-18.055X 
0.029X 
8 
10 
17 
5 
12 
t 
14574.27 
117.82 
14456.45 
474.92 
524.47 
1960.03 
744.36 
1017.29 
643.73 
311.59 
3.71 
307.21 
0 . 0 1  
23.56 
1204.70 
474.92 
262.24 
980.02 
744.36 
1017.29 
643.73 
311.59 
3.71 
307.21 
0 . 0 1  
51.13** 
20.16** 
11.13* 
41.59** 
31.59** 
43.17** 
27.32** 
13.22* 
0 . 1 6  
13.04* 
0 .00  
.99 
,96 
.96 
.86  
.94 
.92 
.95 
.97 
.99 
.97 
.99 
-67.210 
Significant at the ,05 level of probability. 
Significant at the .01 level of probability. 
^ The coefficient represents "mean effects." 
Table 98. Subset Model V - Analysis of Variance, Multiple Regression Statistics on Surface 
Contoured Corn at Treynor, 1968-1970 
Equation 2 
Source of variation Mean T = a DF Sum of squares Mean square F R 
Total 
Error 
Regression 
Reps 
Location 
Reps X Location 
S 
Sr 
Sd 
Psm 
Csm 
Constant 
Yield 
1 
1 
1 
17.05 
0.92 
2.13 
16 .88  
15.86 
128.48 
10.740% 
12.734x; 
-8.883xi 
9.400x-
-50.821X, 
-4.994x; 
23.498X. 
-18.463x' 8 
17 
7 
10 
>t 
t 
14574.27 
121.80 
14452.47 
524.97 
605.76 
2247.48 
877.53 
1126.93 
715.05 
504.20 
398.62 
17. 40 
1445. 25 83. 06** .99 
524. 97 30. 17** .96 
302. 88 17. 41** .95 
1123, 74 64. 58** .84 
877. 53 50. 43** .93 
1126. 93 67. 77** .91 
715. 05 41. 10** .94 
504. 20 28. 98** .96 
398. 62 22. 91** .96 
•78.597 
Significant at the .01 level of probability. 
^ The coefficient represents "mean effects." 
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variâtes are significant at the .01 level of probability. However, this 
model, as well as subset Model IV and the full model IV reported in 
Tables 97 and 96 respectively, have negative coefficients for critical 
soil moisture. It would seem most likely, however, that this result is 
the product of one or more significant inputs which were not properly 
assessed prior to the inclusion in the regression analyses. Upon 
checking, we observed that when the variate labeled runoff was dropped 
from the three models we got positive coefficients for critical soil 
moisture. 
Runoff values are available only for entire watersheds. In this 
analysis arbitrary allocations of these entire watershed runoff values 
were made for individual sites within watersheds. This is an obvious 
possible source of error. This variate was therefore removed from 
further analysis. 
The corrected models developed for Tables 96, 97, and 98, dropping 
2 
runoff from the equation are reported in Table 99. The R values and 
means can be obtained from their respective tables. 
Terraced Corn: Table 100 presents the full model analysis of 
variance on terraced corn for a two year period including N-P-K as 
covariates. 
Ninety-five percent of the variation in corn yield on terraced land 
was explained by the variates included in the model. The F-test value 
of 12.09 which is significant at the .01 level of probability indicates 
how well the regression equation explains the variation in corn yield. 
Reduction of Model IV for the two year period with N-P-K is presented 
as Model V in Table 101. 
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Table 99. Corrected Models (Runoff Removed from the Equation) for 
Tables 96 to 98 
Variates 
Table 96 
A Equation 
Y = a "'"Sb^x^ 
Table 97 
A Equation 
I = a + Zb^x^ 
Table 98 
A Equation 
Y = a + lib, 
Reps 10.276x^ 2.961x^ 2.268x^ 
Sets 10.496x2 - - - - - - - -
Location 12.204x2 17.206X2 15.797x2 
Reps X Location -2.396X, 0.532x2 -3.045X2 
S 2.922x5 11.680X, 4 
12.733x^ 
St 1.590Xg - - - -
Sd 
-3.636xy -6.972xg -6.272xg 
Psm 17.186xg 4.385x, 0 -O. l lSXg 
Jnsm 
-7.186xg -6.750xy - - - -
Csm 0.647x^Q 5.663Xg 5.671Xy 
Cu 
-2.523x^^ -0.241xg 
Constant 
-29.198 -96.248 -163.306 
Table 100. Model IV - Analysis of Variance, Multiple Regression Statistics on Terraced Corn with 
NPK at Treynor, 1968-1969 
Source of variation 
Total 
Error 
Regression 
Constant 
Yield 
A Equation 
Mean Y = a + Zb^x^ DF Sum of squares Mean square 
71 
29 
42 
46508.62 
2512.99 
43995.63 
-250.555 
127.75 
86 .66  
1047.51 12.09** .95 
Reps 1 -11.241X 
s 
2469.33 308.67 3.56** .89 
Sets 1 2.146x; 2033.50 225.94 2.61* .90 
Location 1 -0.976x^ 
•Î 
27.04 27.04 0.31 .95 
Reps X Location 1 6.120x^ 743.66 92.96 1.07 .93 
Sets X Location 1 8.25 1482.11 164.68 1.90 .91 
S 17.12 5.763x2 1 4231.67 4231.67 48.83** .86 
Jnsra 17.00 -3.250x2 1 62.29 62.29 0.72 .95 
Csm 15.28 6.740x„ 
3.472x: 
1 236.36 236.36 2.73 .94 
Cu 25.64 1 150.56 150.56 1.74 .94 
N 3.02 25.703xin 
215.322xJ-*r 
1.327%^! 
1 828.06 828.06 9.56** .93 
P 0.29 1 409.40 409.40 4.72* .94 
K 2.35 1 1.99 1.99 0.02 .95 
** 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
^ The coefficient represents "mean effect." 
Table 101. Model V - Analysis of Variance, Multiple Regression Statistics on Terraced Corn with 
NPK at Treynor, 1968-1965) 
Source of variation Mean 
A Equation 
Y = a +Ebj^Xj^ DF Sum of squares Mean square F R^ 
Total 71 46508.62 
Error — — 59 7614.85 129.07 
Regression - — — 12 38893.77 3241.15 25.11** 00
 
Reps 1 -7.190x 8+ 2873.22 359.15 2.78* .77 
S 17.12 6.310%, 1 10278.83 10278.83 79.64** .62 
Csm 15.28 3.145x^ 1 1232.87 1232.87 9.55** .81 
N 3.02 ;}4.738x^ 1 2812.63 2812.63 21.79** .78 
P 0.29 H5.638xg 1 154.35 154.35 1.20 .83 
Constant -- -lj)7.920 
Yield 127.75 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
The coefficient represents "miaan effect." 
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The reduced Model V is labeled the "best" model. This model is 
the product of selection, and includes only those factors that most 
effectively explain the variation in corn yield on terraced land. 
Eighty-four percent of the variation in corn yield was explained 
by the independent variates included in the model. All the variâtes 
with the exception of plant phosphorus were significant, at least to 
the .05 level of probability. 
A comparison of the significance of Model V with the values obtained 
for models with like variables as result of other research or evaluation 
efforts indicates they are similar in nature. 
Miller (1970) developed the following model: 
Y = -102.1 - 0.0288 S + 0.00000066 + 159 St + 34.87 N + 21.15 P 
+12.26 K 
where Y = yield of corn in bushels/acre 
-102.1 = mean terrace effect 
S = stress 
St = stand 
N = percent nitrogen in corn leaves at 50% silking 
P = percent phosphorus in corn leaves at 50% silking 
K = percent potassium in corn leaves at 50% silking 
There were individual coefficients for the 9 terraces (Reps) indicating 
the change in intercept for each terrace. The value -102.1 is the 
average coefficient for all the terraces. 
The same data has been used in the development of Model V. What 
is called in this study, critical soil moisture is proportional to what 
Miller called moisture stress. The moisture stress index used by Miller 
188 
was evaluated by Corsi (1969) and found to be a good estimator of 
moisture stress. The index is computed on a daily basis and is equal 
to: 
EA 
(100 - gp X 100) 
where, EA = actual évapotranspiration, 
EP = potential évapotranspiration. 
The sum of all daily values over a 32 day period centering on 75% silking 
was used as an indicator of stress intensity. 
Table 102 presents the analysis of variance for the regression 
model developed by Miller, 
Table 103 presents the full regression model developed for terraced 
corn at Treynor watersheds for the period 1968-1970. 
2 
The R value of .82 indicates that 82 percent of the variation in 
corn yield was explained by the variates included in the model. The F 
value of 8.19 which is significant at the one percent level indicates 
that the regression equation was highly significant in explaining the 
variations in corn yield. Stand and critical soil moisture were co-
variates of importance in ïfedel IV for terraced corn in 1968 to 1970. 
No further reduction of Model IV was made in the three year period 
for terraced corn. 
A system of parallel bench terraces appears to offer a practical 
and economical solution to problems of farming the steeply rolling 
loess soils of western Iowa. Satisfactory control of soil and water 
loss, better distribution of retained moisture, elimination of hill­
side gullying and more efficient use of fertilizer and other technologies 
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Table 102. Analysis of Variance from the Regression of Terraces, 
Stress, Stress2, Stand, and NPK on Yield 
Variable Sum of squares DF 
Terrace 
Terrace 
Terrace 
Terrace 
Terrace 
Terrace 
Terrace 
Terrace 8 
Terrace 9 
1 
2 
3 
4 
5 
6 
7 
Stress 
Stress2 
Stand 
Plant nitrogen 
Plant phosphorus 
Plant Potassium 
Total corrected 
Residual 
1.4518x10^ 
1.2091x10^ 
7.4016x10% 
1.3682x10^ 
1.4607x10^ 
1.2972x10: 
1.4223x10: 
1.4058x10^ 
1.4966x10^ 
8.700x10^1 
1.1542xl0; 
6,8469x10-
1.1382x10, 
3.5667x10^ 
7.1270x10' 
1.0764xl0S 
7.2150x10-
Residual Mean Square = 126.58 
Significance at the .05 level of probability. 
•kit 
Significance at the .01 level of probability. 
9.58** 
8.86** 
5.79** 
12.49** 
16.35** 
18.26** 
28.31** 
48.37** 
259.26** 
19.50** 
2 . 6 6  
29.89** 
81.06** 
2.61 
5.63* 
Table 103. Model IV - Analysis of Variance, Multiple Regression Statistics on Terraced Corn at 
Treynor, 1968-1970 
Source of variation 
Equation 
Mean Y = a DF Sum of squares Mean square 
Total 
Error 
Regression 
Reps 
Sets 
Location 
Reps X Location 
Sets X Location 
S 
Jnsm 
Csm 
Cu 
16.46 
16,87 
15.08 
24.98 
1.818X 
10.668%, 
3.978X, 
0,827x" 
9.699X, 
4.429%: 
0.699x^ 
10.177X 
1.503X 
107 
68 
39 
t 
8 
1 
9"*-
1 
1 
1 
1 
63172.98 
11088.85 
52084.13 
2359.73 
4168.49 
948.83 
2720.32 
2794.50 
9588.28 
7.84 
3708.79 
290.29 
163.07 
1335.49 
294.97 
463.17 
948.83 
340.04 
310.50 
9588.28 
7.84 
3708.79 
290.29 
8.19** .82 
1 .81  
2.84** 
5.82* 
2.09* 
1.90 
58.80** 
0.05 
22.74** 
1.78 
.79 
.76 
. 81  
.78 
.78 
.67 
. 8 2  
.77 
.82 
Constant 
Yield 122.26 
-153.509 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
^ The coefficient represent "mean effect." 
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are among the advantages of using parallel bench terraces in this area. 
A comparison of corn yields among different soil conditions in 1968 
to 1970 was given in Table 87a. 
Record of fieId-harvested yields were reported in Table 6 (Chapter 
5). Yields have been consistently higher on unterraced watersheds but 
that difference has decreased in recent years. The slightly lower 
yields on terraced watershed results from loss of land in terrace back-
slopes and ponded areas in terrace channels. It appears reasonable to 
expect the yields of the area actually in corn in any of the practices 
to be equal. There is no reason for expecting yields to be higher on 
the terraced areas. Yields at this location are frequently limited by 
moisture. There is less surface runoff from the terraced as compared 
to the unterraced field but this reduction in surface runoff results 
from concentration and infiltration of water in terrace channels in too 
small a portion of the field to be of benefit to most of the corn in 
the field. 
Surface runoff anâ sediments were taken as inputs in the prouuCtiou 
functions developed for surface contoured corn at the Treynor watersheds. 
However, they were of no significance and not included in the models 
developed for terraced corn. 
Table 104 shows the total surface runoff (annual) for the two 
surface contoured watersheds and the terraced watershed. The total run­
off for each month for each year is given in Tables 137, 139, and 141 
of Appendix B. The total surface runoff was significantly lower for 
the terraced watershed than the surface contoured watersheds. 
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Table 104. Total Annual Surface Runoff for the Surface Contoured and 
Terraced Watersheds at Treynor, 1968-1970 
Total surface runoff (inches) 
Contoured Terraced 
Year W1 W2 W4 
1968 1.15 1.13 .12 
1969 2.53 2.35 .27 
1970 2.15 1.78 .13 
Table 105 shows the total yearly sediment losses, and Table 116a in 
section D of this chapter present a summary of the sediment yield accord­
ing to erosion sources for each watershed at Treynor. 
Table 105. Sediments Losses at Treynor Watersheds for the Surface 
Contoured and Terraced Watersheds, 1968-1970 
Sediment losses (T/A) 
Contoured Terraced 
Year W1 W2 W4 
1968 5.1 4.6 .3 
1969 3.4 1.7 .1 
1970 14.0 9.5 .1 
Again, the total yearly sediment yields were significantly lower for the 
terraced watershed than the surface contoured watersheds. 
Further evaluation of each of the practices included in this study 
will be presented later. 
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2. Practices aggregate analyses 
To allow a comparison among erosion control practices to conclude 
model formulation and testing, and to cope with one of the primary 
objectives of this study which was to differentiate between land treat­
ment practices by use of muIti-variable regression analysis, some 
procedural changes were made. 
For the aggregation of surface contoured corn and ridged corn at 
the Gingles watersheds the following technique was used: 
(1) 1,-1 coding procedure was used. 
(2) Runoff and sediments were not significant in explaining 
yield differences in the preceding analysis, so, they were not included 
in this analysis. 
(3) The regression statistics for the multiple regression 
models called Model VI for the full model and Model VII for the reduced 
or "best" model are presented in Tables 106 and 107, respectively. 
For the aggregation of Treynor surface contoured corn, Treynor 
-T 111 « 1-5 * -  V> n f t  r*  
&& C*Ll\« i. WWikll XXX V&ltW ^JLtm/ ^ X X TV X 
technique was used : 
(1) 1.0,-1 coding procedure was used. 
(2) Sediments were included as an indirect input in the pro­
duction process. 
(3) For the purpose of having balanced data in this aggregation, 
12 yearly observations representing top, middle, and bottom slopes for 
each practice were used. For those practices with more than 12 yearly 
observations, random selections were made. 
Table 106. Model VI - Analysis of Variance, Multiple Regression Statistics on Aggregate Analysis 
of Surface Contoured and Ridged Corn at Gingles Watersheds, 1968-1970 
Source of variation 
^ Equation 
Mean Y = a DF Sum of squares Mean square 
Total 
Error 
Regression 
Practices (P_,P,) 
Reps ^ 
Location 
Practices x Reps 
Practices x Location 
S 
s2 
Psm 
Jnsm 
Csm 
Cu 
N 
P 
K 
Constant 
Yield 
71 
55 
16 
14.85 
225.37 
12.37 
12.52 
10.40 
2 2 . 6 2  
2.53 
0 .28  
1.45 
72.52 
-2:.191x^ 
-2.015Xr 
6.907xi 
-2:.303x-
3.125x; 
4.829x: 
0.078x^ 
-2.509X 
2.762X 
3.747X 
2.035X 
36.725X 
33.187X 
1.369X 
8 
10 
11 
12 
13 
14 
68893.23 
12687.13 
54206.10 
201.12 
258.70 
425.60 
287.26 
393.99 
81.01 
16.60 
360.74 
322.58 
929.29 
2099.72 
4005.78 
57.24 
5.48 
230.68 
3387.88 
201.12 
258.70 
212.80 
287.26 
196.99 
81.01 
16.60 
360.74 
322.58 
929.29 
2099.72 
4005.78 
57.24 
5.48 
14.69** 
0.87 
1.12 
0.92 
1.25 
0.85 
0.35 
0.07 
1.56 
1.40 
4.03* 
9.10** 
17.37** 
0.25 
0 .02  
. 81  
. 81  
.81 
. 8 0  
. 81  
.80 
.81 
. 8 1  
. 8 1  
. 81  
.80  
.78 
.75 
. 8 1  
. 81  
-260.394 
Significant at the .05 level of probability. 
Significant at the .01 level of probability. 
^ The coefficient represents "mean effect." 
Table 107. Model VII - Analysis of Variance, Multiple Regression Statistics on Aggregate Analysis 
of SurJ'ace Contoured and Ridged Corn at Gingles Watersheds, 1968-1970 
Equation „ 
- • " - -- F 
A 1-1^  Udl. J.ULL 
Source of variation Mean Y = a + DP Sum of squares Mean square 
Total — — — — — 71 66893.23 
Error — — 64 13825.72 216.03 
Regression — 7 53067.51 7581.07 35.09** .79 
Practices (P ,P, ) 1 •2.366X 1 311.55 311.55 1.44 .79 
S ^ 4 14,85 7.066%, 1 13808.67 13808.67 63.92** .59 
Psm 12.37 -:i.580x^ 1 1288,69 1288.69 5.97* .77 
Jnsm 12.52 1.051x^ 1 58.95 58.95 0.27 .79 
Csm 10.40 4.066x_ 1 1283.19 1283.19 5.94* .77 
Cu 22,62 1.563x2 1 1907.91 1907.91 8.83** .77 
N 2.53 67.434X* 1 9200.52 9200.52 42.59** .66 
Constant = = -2^9.651 
Yield 72.52 
Significant at the .05 level oi: probability. 
Significant at the .01 level of probability. 
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Terraced Corn: Reps 2, 4, and 7 with 4 sites in each rep were 
considered as typical of the area. 
Surface Contoured Corn: Two sets from rep 1 (4 and 8) and two 
sets from rep 2 (1 and 9) were selected at random. They were considered 
typical of the area (Fig. 7 and 8). 
2 
a. Surface contoured vs ridged corn The R of .81 indicates 
that 81 percent of the variation in corn yield was explained by the 
2 independent variates included in the model. The other R values, indi­
cate the reduction in the proportion of the Y variance explained by the 
linear or square influence of that particular x-variate. 
The significance F values for nitrogen, consumptive use, and 
critical soil moisture indicate that these factors were the most impor­
tant of all variants studied in explaining yield differences. The F 
test values for the regression equation was significant at the .01 level 
of probability, indicating that it did significantly explain the varia­
tions in corn yield. 
location terms. The value given in the table is the average coefficient 
for that particular variate. 
The reduced model, labeled the "best" model is presented as Model 
VII in Table 107. This model includes those factors that most effectively 
explain yield differences for surface contoured and ridged corn at the 
Cingles tract. 
Seventy-nine percent of the variation in corn yield was explained 
by the independent variates. All of the covariates, with the exception 
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of June soil moisture were significant, at least to the .05 level. 
Practices were not significantly different in explaining yield. 
However, the importance of ridge farming was demonstrated in 1970, when 
the poor moisture conditions emphasized the importance of maximizing 
moisture use in corn production. 
A summary of the 1970 cropping conditions at the Cingles tract is 
given by Bernai in the annual progress report for outlying experimental 
farm - Western Iowa. 
Rainfall distribution at the Western Iowa Experimental Farm from 
January to August, 1970, was 13.07 inches, which compared with 23.20 
inches under normal circumstances leaves a deficit of 10.13 inches of 
moisture (Table 108). 
May rains were above normal with 4.02 inches. However, June, July, 
and August rains totaled only 4.06 inches. These measurements are far 
below normal conditions of 13.24 inches total during the 3-month period. 
Runoff from the individual watersheds varied from 0.04 to 1.00 
inch, with the smallest amount from the meadow watersheds and the largest 
amount from the flat tilled watersheds. Ridged watersheds recorded .20 
inch of runoff. Two-thirds of the runoff came about from two storms; 
on May 13 and May 30. Even though there were some effects from these 
storms in the corn stand, we found a stand of 17,400 plants at the time 
of first cultivation in all corn plots. 
Extensive soil moisture measurements were obtained throughout the 
cropping season on all watersheds and for different soil types. Average 
moisture content at 1, 5, and 9 feet depths and the time of measurements 
are shown in Table 109. Soil moisture use increased at lower depths 
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during the season. Crops extracted water from the 5-foot depth but not 
much beyond due mainly to poor root development as a consequence of 
early moisture stress. This illustrates the importance of a good supply 
of moisture for high levels of crop production. 
Table 108. Rainfall Distribution in Inches at Western Iowa Experimental 
Farm and at Gingles Watersheds, 1970 
Month W.I.E.F. Gingles Normal 
January .15 NR^ .68 
February .03 NR 1.03 
March 2.25 NR 1.85 
April 1.51 NR 2.48 
May 4.59 4.02 3.92 
June 1.86 1.99 5.39 
July 1.84 1.34 3.94 
August .84 .73 3.91 
Total 13.07 8.08 23.20 
a 
NR = no record. 
There was no significant difference among soil types in soil mois­
ture, but there were differences between ridged and flat watersheds. 
Ridged watersheds soil moisture gain over the flat watersheds in total 
moisture storage at 5 feet depth varied from 0.5 to 2.5 inches. The 
smallest differences were at the bottom and mid-slope and the largest 
difference was at the top sites. 
The importance of soil moisture storage Is demonstrated when we 
look at the average yields presented in Table 110. Ridged watersheds 
produced an average of 47 bushels per acre, which is around twice as much 
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the amount produced in the flat watersheds. 
Table 109. Soil Moisture Average in Inches at Different Depths at 
Cingles Watersheds, 1970 
Depth in feet June July August 
1 
5 
9 
2.73 
2.32 
2.71 
1.66 
2.30 
2.71 
1.26 
2.10 
2.74 
Table 110. Average Productivity of Corn-Planted Watersheds (bu/A) 
Tillage Watershed 1967 1968 1969 
Average 
1967-69 1970 
Ridged 
Ridged 
1 
5 
113 
117 :: 94 104 101 47 
Flat 
Flat 
2 
4 
114 
114 
96 
92 
94 
102 102 24 
Adjusted yields. 
The poor cropping conditions of the 1970 season emphasize the impor­
tance of maximizing moisture use in corn production in an area of mois­
ture deficiency as western Iowa. 
It appears reasonable to expect that yields at the Cingles tract 
should be about equal on the ridged and surface contoured corn under 
normal conditions. There does not appear to be any reason to expect 
yields to be higher on ridged fields over surface contoured corn. 
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b. Surface contoured, terraced and ridged corn Eighty-four 
percent of the variation in corn yield was explained by the variâtes 
included in the model. The F-test value for the regression equation 
was significant at the .01 level of probability, indicating that it 
did significantly explain the variations in corn yield. The covariates 
stand and critical soil moisture were significant at the one percent 
level also (Table 111). 
Even though practices were not significant in explaining yield 
differences, they were kept in the reduced model for comparison purposes. 
The best model developed is reported in Table 112. 
The reduced model explained 81 percent of the variation in corn 
yield. The F test value for the regression equation was significant at 
the .01 level of probability, indicating that the model did significantly 
explain the variations in corn yield. 
The covariates, stand, and critical soil moisture as expected 
explained most of the yield differences in this three year period. 
It is known, from agronomic test results, that increasing plant 
stand may have a significant effect upon corn yield and that this effect 
will be of a curvilinear nature (all other variables held constant). 
However, the range of observations on a variable becomes important in 
this consideration. There may be a portion of the production function 
(response curve) where the effects of increasing stand are essentially 
linear. This possibility existed when Model VII (Table 112) was 
developed by reduction of Model VI (Table 111). 
Table 111. Model VI - Analysis of Variance, Multiple Regression Statistics on Aggregate Analysis 
of Surface Contoured, Terraced and Ridged Corn, 1968-1970 
Source of variation 
Total 
Error 
Regression 
Practice 
Practice 
S 
S2 
Sd 
Psm 
Jnsm 
Csm 
Cu 
P3 X Sd 
P5 X Sd 
Constant 
Yield 
(P3) 
(P3) 
Mean or 
entry 
108.98 
Equation 
Y = a + 2b .X. 
1 1 
1,0 3. 936x-
0,1 5. 201x, 
15.99 12. 449x_ 
262.27 -0. 249x2 
.82 -18. 735x: 
15.91 0. 347x2 
15.69 -2. 155x° 
13.88 8. 136x' 
985x% 24.05 0. 
0.62 17. 566x* 
382x, -0.07 -42. 11 
-131.361 
DF Sum of squares Mean square F R^ 
107 122955.70 
96 19365.16 201.72 
11 103590.54 9417.32 46.69** 
CO 
2 721.93 360.97 1.79 .84 
1 1619.54 1619.54 8.03** .83 
1 633.71 633.71 3.14 .84 
1 565.33 565.33 2.80 .84 
1 9.31 9.31 0.05 .84 
1 219.94 219.94 1.09 .84 
1 7578.14 7578.14 37.57** .78 
1 572.78 572.78 2.84 .84 
2 1302.20 651.10 3.23* .83 
Significant at the .05 level of probability. 
k 
Significant at the .01 level of probability. 
Table 112. Model VII - Analysis of Variance, Multiple Regression Statistics on Aggregate Analysis 
of Surface Contoured, Terraced and Ridged Corn, 1968-1970 
Mean or ^ Equation 2 
Source of variation entry Y = a +Zb^x^ DF Sum of squares Mean square F R 
Total — — — — — 107 122955.70 
Error — » — — — — 103 23149.56 224.75 
Regression 
--
- - - - 4 99806.15 24951.54 111.02** .81 
Practice (P ) 1.0 2.208%, 1 146.59 146.59 0.65 .81 
Practice (P^) 0,1 3.162%, 1 432.02 432.02 1.92 .81 
S 5 15.99 4.733%^ 1 11787.30 11787.30 52.45** .72 
Csm 13.88 7.206x/ 1 16395.77 16395.77 72.95** .68 
Constant -- -66.701 
Yield 108.98 
Significant at the .01 level of probability. 
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C. Model Evaluation 
The preceding section of this chapter is basic in explaining the 
formulation and testing of models to ascertain whether a systematic and 
significant relationship existed between given independent variables 
and the dependent variable, corn yield. 
Before expanding the subject it will be helpful to recall the 
basic model of production functions which are of importance to the up­
land soils of central and eastern United States. These production 
functions are related to the way in which crop production on these 
soils is affected by erosion (Fig. 15A-15B). 
The first group of soils (Fig. ISA) include those soils in which 
texture, permeability, tillability, and other physical properties of the 
subsoil are similar to the properties of the surface soil. The real 
difference between the surface and subsoil is in fertility. Cost of 
production on these soils is increased by erosion but removal of the 
topsoil causes little or no reduction in maximum potential production. 
The soils used in this study belong to this first group (Monona-
Ida area). The production functions in Fig. ISA, indicates that there 
is a substitution effect between erosion control and non-erosion control 
investments. Inputs to x^ (A) result in the same yield from both func­
tions, The uneroded function "tops off" at x^, therefore the input 
required to bring the eroded function to the yield level of the un­
eroded function is the amount from x^ to x^. The effect of such invest­
ment can be shown by Fig. 16. 
On the period 1964-1966 corn yields varied significantly on 
different soil types. 
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UNERODED 
BtODB) 
UNERODED 
ERODED 
INPUTS 
Figure 15. Relationship between production functions. 
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^ Relative 
yields 
with 
Monona TOO 
yields * 
100 
Monona 
Eroded 
Monona 
1964 1965 1966 1967 1968 1969 1970 
Yields in bushels per acre 
Ida 80 94 127 118 113 146 111 
Monona 95 109 122 123 110 158 114 
Monona 89 100 121 116 114 153 119 
eroded 
Napier 114 117 125 129 122 156 12» 
The average yield of Monona Silt Loam was given a rating of 
100; other soils were compared with this as the base. 
I'igure 16. Trends in yields on different soils on Watersheds 1 and 
2 at Treynor, Iowa. 
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Table 113. Analysis of Variance for Testing Yield Differences by Soil 
Types (Paulet, 1965) 
Source d.f. S.S. M.S. F 
Watershed 1 
Between soil types 3 4,187.57 1,395.86 4.57** 
Within soil types 60 18,332.68 305.54 
Watershed 2 
Between soil types 3 11,505.8 3,835.27 6.14** 
Within soil types 67 41,849.15 624.61 
Significant at the .01 level of probability. 
In the study made by Paulet, 1965 on watersheds 1 and 2 at Treynor, 
Iowa (Table 113) at harvest time there were yield and stand differences 
that were associated with position and soil type. Yields were lowest on 
the Ida soils and highest on the alluvial and colluvial soils. It was 
known that the hillside lost large quantities of soil through erosion 
in 1964, and that a large portion of this loss occurred soon after the 
corn was planted. Therefore, it appears reasonable to assume that a 
large portion or the uifferetice in eorn yield on Ida soils as compared 
with Monona and Napier soils directly or indirectly resulted from this 
erosion. The direct result of erosion was a loss of stand and probably 
a loss of insecticide and fertilizer. Rilling of the land surface 
probably caused an inefficient weed control program, and plowing 
under some corn plants which further reduced the stand were indirect 
effects of erosion. 
Increasing the level of technological investment, say from to 
is equivalent to saying that the 1964-1966 period was x^ and the 
1968-1970 (our concern in this study) period is Inputs at 
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result in the same yield from both functions, and no significant dif­
ference was accounted on soil types at a fertilization rate equal or 
greater than 150-35-25 (lbs/A of N-P-K respectively), regardless of 
the practice used. 
The second group of soils (Fig. 15B) include those soils in which 
the subsoil furnishes a distinctly inferior media for crop growth as 
compared to the surface soil. Erosion of these soils result in in­
creased costs of production and in a permanent desinvestment since 
yields on the subsoil are less than those obtained on the surface soil. 
In this soil group, the uneroded function "tops off" at The eroded 
function "tops off" at x^. Inputs to in either function are not 
warranted since no further yield increases are obtained. 
The precise point defined as economic in either of the soil groups 
depends upon the ratio of cost of the inputs to the price of the output 
resulting from the investment. Inputs may be added until this price 
ratio (price of input divided by price of output) equals the slope of 
the statistical analysis of the "best" aggregate regression model 
including contouring, terracing and ridge farming (the model with the 
greatest number of erosion control practices) are substituted into the 
equation, the equation takes the form: 
1 0611 
The equation Y = a + Zb^x_ encompasses all variâtes for each of 
the models. If the regression coefficient (b.) values derived through 
Y = -66.701 + 2.208x^ + S.lGZXg + 4.733x2 + 7.206x^ 
^1 
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where, Y = yield of corn in bushels/acre 
a = -66.701 (intercept) 
1 if contouring 
0 if terracing 
-1 if ridge farming 
1 if terracing 
Xg = 0 if contouring 
-1 if ridge farming 
3 
= stand (10 stalks) 
X, = critical soil moisture in total inches for a 5 foot 
4 
profile. 
In this equation corn yield, Y, is represented as a function of four 
2 
variates. The multiple R value of .81 indicates that the least square 
regression of Y on the variates accounts for 81 percent of the variance 
in yield. A crop production function of this nature is necessary before 
statements can be made concerning: (1) Optimum rate of inputs or 
resource use and (2) Che optimum combination or resources both being 
essential for achieving profit maximization. 
To obtain both of the optimum conditions and subsequently to maxi­
mize profit it is necessary to have in addition to the production 
function, the price per unit of (1) the dependent variable, corn yield 
and (2) the price per unit for each of the independent variables or 
resources used in the production of corn. However, the task of obtaining 
and applying specific price data is outside the scope of this inquiry. 
Reference will be made, however, to the manner in which such price data 
would be used. 
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It is only under conditions of zero cost for a resource that the 
production function is of itself adequate for determining the optimum 
/ 
level of resource us^. If there is a zero cost associated with any or 
all of the resources represented by the foregoing equation, then for 
profit maximization the optimum levels of input for that resource (or 
combination of resources) would be the level which would achieve maxi­
mum corn yield (Heady, 1952). 
However, if the cost for a resource is other than zero, then the 
optimum level of input for that resource under unlimited capital condi­
tions would be the level which would equate the marginal value product 
of the resource to the marginal cost of that resource. The optimum 
level of input for a resource also can be stated as the level where the 
marginal product of the resource is equal to the resource/crop price 
ratio. 
Table 114 permits a comparison of corn yields between contoured 
and terraced watersheds. 
Table 114. Yield Comparisons Within Contoured and Terraced Watersheds 
at Treynor (Aggregate Analysis), 1968-1970 
Year 
Practice 1968 1969 1970 Ave. 
Terracing 111.3 146.7 112.0 123.3 
Contouring 123.2 152.3 116.1 130.5 
Yields have been consistently higher on the unterraced watersheds 
but that difference has decreased in recent years. 
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The analysis of the physical data by all models in the aggregate 
failed to generate values for the regression coefficients of the erosion 
control practices that were significant at or less than the five percent 
level of probability. 
There are several possible reasons that can be postulated to 
explain why the effects of erosion control practices as measured in 
the models tested were no significant different. The most important 
of these reasons are; 
First, on soils that have subsoils with characteristics similar 
to the surface soils as the study area there are more possibilities for 
substituting between erosion control practices. Surface soil removal 
has no effect if sufficient nutrients are supplied in the form of 
organic or mineral fertilizers. In these soils erosion increases cost 
of production but does not necessarily result in a decrease in produc­
tion potential. Second, the weather conditions for the 1968-1970 
growing seasons were generally very favorable for corn production through­
out the major portion of thé ârêa selected for this study. The seasons 
had commenced with an adequate level of subsoil moisture and the soil 
moisture differences among erosion control practices among years 
averaged out irrespective of the use of erosion control practices. 
Third, at the level of technology and management practiced in the study 
area, it is not expected that yield differences will result from the 
use of erosion control practices. 
From this study, it appears reasonable to say that yield on any of 
the discussed practices should be about equal in the long run because of 
the uniformity of soils and level of technology. In the short run, 
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yields will be highly dependent on soil moisture availability as well 
as in some other weather parameters, and significant differences would 
be accounted for when different soil erosion control practices are used. 
The regression model used in this analysis possesses inherent 
characteristics in evaluating their effectiveness for measuring the 
effect of erosion control practices on corn yield. One such charac­
teristic is that the regression method precludes varying more than one 
variate at one time. That is, in evaluating the effect of any one 
variate in the equation all other variates are held constant. 
Another recognized advantage of single-equation regression models 
is that the parameter estimates which are usually obtained through 
least squares regression have a certain "robustness." That is, the 
performance of the statistical tests associated with the method, which 
are valid only on the assumption that the samples are drawn from a 
normal population, give good results even when the parent populations 
are not normal (Heady, 1971). 
Difficulties wculd arise in interpreting the results of the 
regression analysis depending upon whether we focus on the coefficient 
of determination or on the parameter estimates and their standard errors. 
In this study, the goodness of fit (high R^), the "F" and "t" test 
values and the relative role of the various independent factors asso­
ciated with the dependent variable corn yield were considered important. 
Least-square regression models are technically derived around a 
structure defined by the means of the variables involved. Hence, 
projections derived from such models are valid only within the 
structural framework prevailing "at the means" within the sample 
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period for which the model is derived. 
In many aspects, regression analysis would appear more directly 
useful for predicting farmer's response than conventional linear pro­
gramming. Because regression results are based on actual past changes 
in production, they are more likely to take into account farmers' likes 
and dislikes and other considerations which are omitted in the usual 
programming model. Despite these advantages the regression techniques 
cannot account for the effects of changes in the decision-making environ­
ment with the same degree of realism as is possible with linear pro­
gramming . 
In a linear programming study in the western Iowa area, Landgren 
and Andersen (Shrader et al., 1963) determined the maximum net revenue 
obtainable under a wide range of estimated erosion rates. Table 115 
summarizes their results. 
Table 115. Effect of Erosion Control Restrictions on Maximum Net 
Revenue on a Typical Farm on Sloping Highly Productive 
Average annual 
upland soil loss 
Maximum net farm 
revenue obtainable at 
a given level of erosion 
Tons per acre Dollars 
1 
3 
5 
6 
22 
60 
3,506 
4,386 
4,573 
4,278 
3,335 
645 
^75 percent of the cropland is on slopes of 7 to 15 percent. 
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Restricting soil losses to 1 ton per acre per year resulted in a 
very low net revenue of $645 per year. Net revenue increased rapidly 
with increases in estimated erosion rates up to 5 tons per acre. At 
this level, net revenue was $4,386 per year. 
Regression models needed in regional agricultural development 
must have a two-fold purpose. On the one hand, they are needed to 
assist economists in formulating a diagnosis to support a judgement. 
On the other hand, they are intended to be prescriptive and predictive 
by throwing some light upon the consequences of future changes in the 
variables involved in their construction and instrumental in achieving 
certain desired targets. 
Much of the skepticism as to the validity of regression models can 
be ascribed to the misspecification of the mathematical form of the 
regression as well as to the improper specification of the explanatory 
variables. In addition, a misuse of statistical tests of reliability 
consists in their application to series of data which has been "puri­
fied" of so-called "non-sense" observations. In this study thê exclu­
sion of years may be justified because of its effect in confounding some 
of the direct and indirect effects of soil moisture. However, in some 
other cases, it is an objectionable practice as to the adequacy of a 
regression equation for diagnosis as well as forecasting purposes. 
A comparative evaluation of regression models against the other 
types of methods is difficult. However, a main criticism can be formu­
lated about the general structure of models consisting of only regres­
sion equations. Spatial and structural features are not considered in 
these models. This deficiency is important because agricultural 
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production depends on a spatial environment with heterogeneity of pro­
duction factors. Assumptions of continuity and reversibility of some 
relations also sometimes prove inconsistent with actual conditions. 
But we must credit these models because their compact structure and 
possibility of quick solution. 
D. Evaluation of Practices 
The basic reason for conserving the soil is the survival of man­
kind. The irreplaceable nature of soil does not permit us to have a 
purely economic viewpoint of soil conservation. Any economic gain that 
might result from soil conservation is of secondary importance in the 
general scheme of things, but it gives an important incentive to the 
individual farmer to adopt such measures. No matter how much he 
realizes his responsibility as steward of the land, he will only be 
able to protect the land from erosion and to rise its productivity if 
his farming operation pays for itself (Kohnke and Bertrand, 1959). 
To determine whether soil-conservation measures are economically 
sound or not, limits of time and area must be established. Practically 
all soil erosion control practices benefit the individual farm as well 
as the entire community downstream through increased production and 
purchasing power. But the farmer can only invest in soil conservation 
to the extent that he himself is repaid. If the community, state, and 
nation expect any benefit from soil and water conservation measures, 
they should participate in defraying the expense of conservation. This 
encourages the farmer to use methods that might be of dubious economic 
value if he had to carry the load alone. 
While soil is an essentially unrenewable resource, water 
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is never lost permanently. Water may be in short supply at a certain 
place and time, but it will become available with the next rain. The 
amount and frequency of precipitation is determined largely by broad 
geographic and physiographic conditions and only to a very minor extent, 
if at all, by man's activity. 
because water is essential in agriculture, as well as in basic 
life processes, we are greatly concerned about its proper management. 
Soil conservation and water conservation frequently go together and 
require the same measures. 
The extent that adoption of conservation measures will be pro­
fitable depends on the nature of the land and on the managerial skill 
of the operator. 
Public agencies responsible for conserving the nation's soil 
resources, and farmers who are attempting to choose between invest­
ments in erosion control and alternative opportunities have expressed 
a need for further information concerning erosion control practices. 
Stich information is essential if govermiieutal agencies at both national 
and local levels are to allocate funds in a way that will maximize net 
return over time. 
There are many factors that influence the degree to which an 
individual farmer can go in conservation farming. The financial status 
of the farmer, general economic conditions, and extent to which he is 
convinced of the need for conservation will largely determine the degree 
to which he is able to make specific improvements and land-use adjust­
ments. Although certain erosion control practices may not be immediately 
profitable to the individual they may be desirable from the standpoint 
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of a group of farmers or the general public. 
The farm operator needs this information for the planning of his 
farm operations. Accurate estimates of (1) the costs of and (2) the 
return from specific erosion control practices would be valuable as a 
basis for production adjustment and resource use within the farm firm. 
If investment in erosion control is justifiably considered as one of 
the resource inputs into the farm firm, then knowledge concerning costs 
of and returns from such investments must be available for the follow­
ing purposes : 
(1) To equate marginal returns from investments among dif­
ferent enterprises if the farmer is in a limited capital position, or 
(2) to equate marginal costs and marginal returns if the 
farmer is in an unlimited capital position. 
1. Physical aspects of erosion control practices 
On Table 92 of this report, total surface runoff for 1968 to 1970 
for two ridged watersheds, and two surface contoured watersheds were 
given for the Gingles tracL (Area A). The total runoff for each storm 
event for each year (1968-1970) is given in Tables 131 to 133 of 
Appendix B. 
The total surface runoff was significantly lower for the ridged 
and meadow watersheds. 
Sediment losses from some storm events in 1968 to 1970 were given 
in Table 93. In general, sediment losses from the surface contoured 
watersheds were usually greater than losses from ridged or meadow water­
sheds, where the meadow watersheds recorded only traces of sediments. 
The following discussion will be centered at Area B, Treynor, Iowa, 
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where surface contoured, terraced, and meadow watersheds are available 
for discussion. 
a. Erosion and hydrology The foregoing information is not 
adequate for accurately appraising the relative merits of different 
practices in conserving soils. It does begin to point the way. Future 
studies should provide additional useful data on the problem. Any results 
obtained by considering practices as such and not with reference to a 
particular farm and farm organization must be general. The detailed 
ramifications of using the different practices can be determined only 
when applied to a specific farm and analyzed in terms of their effect on 
the entire farm organization as a business unit. 
A practice which at lower slopes holds erosion within the permis­
sible 5-ton rate limit may be insufficient at steeper slopes. Con­
touring and terracing effectively controls erosion on different soils 
for slopes from 2-12 percent. However, at slopes exceeding 12 percent, 
terracing, perhaps, ranks second to permanent cover (meadow). Terraces, 
while effective In controlling erosion on slopes under 12 percent, are 
the most expensive method. 
An ordering of practices, on the basis of soil and water saving 
possibilities are presented in Table 116a, Erosion has averaged about 
30 tons of sediment per acre per year for the unterraced cropped 
watersheds but has been less than 1 ton per acre per year from either 
the grass covered or terraced watershed. 
A summary of water yield is given in Fig. 17. About the same 
amounts of water per year have left the terraced and unterraced corn 
Table 116a. Sediment Yield According to Erosion Source from Treynor, Iowa Watersheds, 1964-1970 
Annual Runoff Sediment yield 
Watershed Prectp. Base Surface Total Sheet-rill Gully Total 
Year No. Inches Inches Tons/Acre Tons Tons/Acre 
1964 1 35.61 1.92 4.56 6.48 25.0* 670* 34.0 
2 35.16 2.15 4.02 6.17 25.0* 331* 29.0 
3 33.49 2,36 .42 2.78 .3 64 .9^ 
4 34.80 5.56 .80 6.45 .7 10 .8^ 
1965 1 45.35 3.56 10.62 14.18 44.0 1162 59.6 
2 44.34 2.97 10.68 13.65 36.4 660 44.4 
3 44.28 4.62 4.60 9.22 .4* 86* 1.2 
4 44.87 10.56 2.51 13.07 .9* 16 1.0 
1966 1 20.32 2.54 .65 3.19 6.7 93 7.9 
2 20.53 2.40 .88 3.28 8.6 177 10.7 
3 22.01 2.54 .38 2.92 .1* 10* .2 
4 21.88 5.91 .19 6.10 .6 14 .7 
1967 1 38.25 2.27 11.57 13.84 99.1 1455 118.5 
2 37.61 2.50 10.45 12.95 75.2 1374 91.6 
3 34.23 3.30 2.65 5.95 .6 120 1.7 
4 34.55 7.28 .73 8.01 2.9 -23^ 2.7 
^Division between sheet-rill and gully erosion estimated. 
^Total and component erosion values estimated, 
^Negative value indicates channel fill. 
Table 116a. (Continued) 
Annua 1 Runoff Sediment yield 
Watershed Precip. Sana Surface Total Sheet-rill Gully Total 
Year No. Inches Inches Tons/Acre Tons Tons/Acre 
1968 1 32.30 1.67 1.15 2.82 3.7 102 5.1 
2 32.50 1.H2 1.13 2.95 4.1 44 4.6 
3 31.10 1.59 1.02 2.61 .2 13 .3 
4 32.18 4.23 .12 4.35 .3 2 .3 
1969 1 
2 
3 
4 
1970 1 
2 
3 
4 
Averages 
1964-1970 1 
2 
3 
4 
31.42 3.18 2.53 5.71 1.8 118 3.4 
31.54 2 . 9 7  2.35 5.32 1.0 55 1.7 
30.64 3.29 1.73 5.02 .1 19 .3 
30.70 6.11 .27 6.38 .1 - 5 .1 
31.51 2.21 2.14 4.35 11.8 177 14.0 
30.82 2.35 1.79 4.14 7.4 171 9.5 
28.86 2.19 .37 2.56 .1 5 .1 
28.79 3.99 .13 4.12 .1 1 .1 
33.54 2.48 4.75 7.23 27.4 540 34.6 
33.21 2.45 4.47 6.92 22.5 402 27.4 
32.09 2.84 1.60 4.44 .2 45 .7 
32.54 6.25 . 68 6.93 .8 2 .8 
Total Water Yield 
W"1 W-2 
CORN CORN 
CONTOURED 
W-3 
GRASS 
PASTURED 
W-4 
CORN 
LEVEL TERRACED 
Figure 17. Land use effects on water yields of Treynor, Iowa, watersheds. 
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fields but the proportions of base and surface flow are vastly differ­
ent. Hydrological measurements on the Treynor watersheds during 1970, 
which had near normal precipitation, substantially verify the land 
treatment effects observed during the previous 6 years. These obser­
vations reaffirm previous findings (U.S.D.A,-ARS) that level terraces 
in this loessial soil region cause no reduction of the total stream 
flow (water yield), but they reduce the surface runoff to only 15 
percent of that observed from contoured corn watersheds; thus, they 
effectively prevent downstream flooding and sedimentation. Grass 
cover compared to corn, however, reduces the water yield approximately 
35 percent because of increased infiltration and évapotranspiration, 
and surface runoff amounts from the grass have been more than twice 
that from level-terraced corn land. 
The precipitation and total runoff for each month of the year 
for 1968 to 1970 are given in Tables 137 to 142 of Appendix B, 
An ordering of practices, on the basis of soil saving possibilities 
was presented in the preceding section. It is. however, impossible to 
State one practice or group of practices as being the least costly 
alternative. The degree of erosion control depends on the soil, the 
slope, the weather, the cropping system, and the set of goals for 
permissible soil loss set by public agencies. However, final decision 
on what degree of control is needed must be made on the basis of the 
specific farm in question considering the whole farm as a business unit. 
2. Economic feasibility in terms of income and capital requirement 
In the preceding sections, practices were discussed as generali­
ties on the basis of their physical accomplishments. In so doing, the 
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effects on the farm business as a whole on its organization, its various 
parts, and the farm income were not considered. No program of conserva­
tion can be most effective, efficient, or receive universal acceptance 
unless it also recognizes these additional aspects. The soil, slope, 
weather, and the amount of erosion which has already occurred, differ 
considerably among farms, or even among fields on the same farm. Soil 
conservationists have recognized this and have, therefore, attempted 
to design a conservation program specific to the farm in question. 
This is a step in the right direction but it is not sufficient. It 
ignores the effects of adopting the recommended practices in terms of 
the adjustments necessitated by such a change in other parts of the 
farm business and in the income which the farmer will receive. The 
farmer cannot ignore these. If the land slope is above 12 percent and 
the recommended practice is permanent cover (meadow), this requires him 
to include a livestock program as a constituent part of his farm busi­
ness in order to utilize the meadow. It represents a drastic change if 
he had no foràgê-conSuming animals before. If the construction of 
parallel terraces requires a thousand dollar outlay the farmer may not 
have access to that much additional capital (because of his short planning 
horizon). If the result of adopting a practice or combination of 
practices is a drop in net income, farmers are not likely to practice 
conservation. Most farmers will discount any additional future net 
income as well, so unless the discounted return on investment compares 
favorably with other alternatives the practice will not be used either. 
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a. Costs and benefits A completely vegetated soil does not 
ordinarily erode regardless of slope as shown in the study area (Gingles 
and Treynor watersheds). However, the degree to which this practice is 
accepted depends on the farmer's livestock program as a constituent part 
of his farm enterprise. Pastureland is general have not traditionally 
yielded the return of highly productive corn land on the deep loess soils 
of western Iowa. 
A cost-effectiveness study made by Spomer et al. (1972) about the 
economic feasibility of terraces is now discussed. A case history of 
terrace construction and maintenance costs for watershed 4 (Treynor 
research watersheds) is presented. In the short run, the primary con­
cern to the farmer is the effect of terracing in his current income, 
and the adjustment necessary on the farm enterprise as a whole. In 
the long run, considerations are more difficult to evaluate for both 
the farmer and society with respect to returns and costs of producing 
crop. 
At Treynor. the initial cost of terrace construction on watershed 
4 was $38.95 per acre ($0.15/foot). In 1964 an additional $23.15 per 
acre was spent to repair the terraces. 
In 1963, watershed 1 and 2 (Treynor) were contour farmed, and 
grassed waterways were established at a cost of $698.00, representing 
$4.43 of cost per acre. The difference in construction and maintenance 
costs per acre of the terraced and unterraced watersheds was $57.67 per 
acre. A farmer could have applied for cost-sharing payments from the 
government (ACP Allowance) of 10 cents per foot, or about $27.22 per 
acre. This reduces the difference in the farmer's construction and 
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maintenance costs per acre of terraced and unterraced watersheds to 
$30.45 per acre. Terrace maintenance after repairs in 1965 was about 
6 cents per year per acre of watershed. Meanwhile, maintenance costs 
for waterways on the unterraced watersheds was 62 cents per year per 
acre of watershed for the same period. 
They concluded that terracing in this soil area is about a break­
even economic practice for the farm operators, especially those with 
relatively short planning horizons. The major costs (off-site effects) 
of soil and water waste are and will continue to be to society. 
b. The income gap The public has taken an active interest in the 
use of agricultural land. This interest is indicated by the expenditure 
of considerable federal and local funds upon the soil resource. 
Public action agencies, in efforts to conserve and improve the 
agricultural land, have been hampered by a lack of knowledge concerning 
the effects that result from various levels of erosion control practices. 
A conservation plan which is designed on the basis of agronomic 
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might be inadequate. Such a plan may be a costly and unattractive 
alternative to the farmer, in terms of his farm operations and adjustments 
in decisions which would be involved, and in terms of its effect on income 
and capital. Therefore, the effects of applying a practice or a group of 
practices are not confined only to the physical changes in soil loss, 
runoff or even yields. They permeate the entire farm business. 
The failure of western Iowa farmers in realizing the economic needs 
for erosion control continues to be a major obstacle to the use of proven 
soil conservation practices. The argument that loss of topsoil would 
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reduce productivity is of no value in this soil area where the farmers 
have been able to maintain high yields with increased use of fertilizer 
and other technologies. 
It is mainly the income gap that prevails after adopting an erosion 
control practice that prevents many farmers from shifting to conservation 
farming. Terraces in western Iowa are a recognized example. They provide 
a more permanent means of runoff control on sloping lands than do other 
land treatment practices. However, the time required to realize the 
benefits from this practice is generally to long to attract the farmer to 
erosion control. Meanwhile, the cost to society (off-site effects) occurs 
when 20 or more tons per acre per year of sediment load is transported out 
of the unterraced watersheds compared with less than 1 ton per acre per 
year on meadow and terraced watersheds. 
If sediment has to be dredged out of a ditch where the stream crosses 
a river bottom, as is the case for those draining into the Missouri River, 
the dredging costs are about 50 cents per ton for sediment removal. After 
the sediments are delivered to the Missouri River, the cost is zors diffuse 
and even more difficult to evaluate and in total even greater than the 
dredging costs (Spomer et al,, 1972), In addition, the U.S. Army Corps of 
Engineers estimates the cost of sediment cleanup along highways and in 
urban areas at $1.00 a ton (Rosenberry and Moldenhauer, 1971). 
Resources for conservation, regardless of their source or extent 
should be allocated to result in maximum conservation. Such an allocation 
requires the use of economic principles. The basic objective is to acquire 
the greatest conservation return per dollar invested (Heady, 1952). This 
requires that resources be allocated among soils and areas in a way to 
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equate marginal returns in terms of conservation. 
Overall farm planning for conservation is necessary if practices 
which control erosion are to gain general acceptance. Education must 
play an important role. Farmers must become convinced that conservation 
farming will not lessen their satisfaction. They must want to adopt 
the practices and contend with them over a period of years. Conserva­
tionists must recognize that ramifications of proposed conservation plans 
react on the farm business as a whole. The land, human, and capital 
resources are unique for each farm situation. They must be considered on 
an individual farm business basis as they function simultaneously. 
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VII. SUMMARY AND CONCLUSIONS 
The objectives of this study were (1) to determine the effects of 
land treatment practices with respect to the following: 
a) Soil moisture distribution 
b) Physical on-site damages in terms of soil and water loss 
c) Physical off-site damages in terms of pollution of soil 
and water by sediments, 
(2) to formulate a methodology utilizing multi-variable regression 
analysis by which the effects of specific erosion control practices on 
on-site productivity can be differentiated and calculated from existing 
soil moisture and other hydrologie records and (3) to extend some of 
the ideas that are developed to accommodate economic analysis to evaluate 
the effect of specific erosion control practice on yield. 
The hypotheses directing this inquiry were, (1) that on-site produc­
tivity as measured in corn yield will be affected measurably by the use 
of erosion control practices, (2) that the effect of specific land modi­
fication practices on productivity can be estimated using multi-variable 
regression analysis, and (3) on basis of these data cost and return rela­
tionships can be generated for specific erosion control practices. 
Agricultural production involves many relationships between inputs 
and outputs. Due to this fact a general yield model developed by Osbun 
(1964) was used for analysis of investments in erosion control practices 
(a resource) to determine their effect on corn yield (a product). 
Research was conducted in Monona (area A) and Pottawattamie (area B) 
counties. Experiments at area A included the Cingles experimental water­
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sheds, runoff plots, and exposed subsoil areas. The last two are long 
time experiments under the supervision of Dr. W. C. Moldenhauer, and 
permission was obtained to take soil moisture measurements at these sites 
during the 1970 cropping season. At area B, with the exception of small 
yield plots in all watersheds and moisture measurements at watershed 4 
(terraces), all the data used in this study was obtained from the 
personnel of the United States Department of Agriculture, Agriculture 
Research Service, Soil and Water Conservation Research Division, Corn 
Belt Branch. 
The soils of the study area represent a continuum, or Catenary rela­
tionship. The nature of the topography and parent material are factors 
contributing to the highly erosive condition of these soils. Corn is a 
major crop in this area and approximately 50% of the area is planted to 
this row crop every year. This high percentage in row crops and the 
need for information concerning the effects of erosion control practices 
on yields were contributing factors in the selection of this area for 
the study. 
Data were collected and analyzed using multiple regression analysis. 
This technique provides a means of evaluating simultaneously the effects 
of nany independent variables (inputs) hypothesized to affect corn yield. 
Multiple regression models were subsequently developed and tested for 
three of the six land treatment practices. Year by year, three year 
periods and aggregate analysis were made for surface contoured, ridged 
and terraced corn to ascertain if a systematic relationship existed 
between these practices and corn yield. 
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In this study data were obtained on 23 variables postulated to 
affect corn yield. Table 116b summarizes the analysis of variance for 
each of the regression models developed (full and reduced) on a three 
2 
year basis. For the models presented in the summary table the R values 
range from .79 to .99 (significant at the one percent level) indicating 
that a high percent of the variation in corn yield was explained by the 
independent variâtes included in each model. The mean square due to 
regression divided by the mean square of the deviations from regression 
resulted also in an F test of significance at the one percent level. 
Therefore, the null hypothesis that the regression equation did not 
significantly explain the variations in corn yield was rejected. How­
ever, the analysis of the physical data by all models in the aggregate 
analyses failed to generate values for the regression coefficients of 
the erosion control practices that were significant at or less than the 
five percent level of probability. Therefore, the analysis rejected, 
as expected, the first two hypotheses directing the inquiry. 
T'as most important postulated possible reason for this behavior 
were : 
(1) In the loessial soils of western Iowa there are more possi­
bilities for substituting between erosion control practices. Erosion 
does not necessarily reduce the production potential of the soil, 
(2) the weather conditions for the 1968-1970 growing seasons 
were generally very favorable for corn production throughout the major 
portion of the area selected for the study, and 
(3) at the level of technology and management practiced in the 
study area, it is not expected that yield differences will result from 
Table 116b. Analysis of Variance - Summary for the Regression Models of Surface Contoured, Ridged, 
and Terraced Corn on a Three Year Basis at the Gingles and Treynor Watersheds. 1968-
1970 
Area Model Practice(s) 
Source of 
variation d.f. M.S. • F R^ 
A IV-Full Contouring Regression 19 2272.20 13.96** .94 
Error 16 162.79 
A V-Reduced Contouring Regression 9 4564.36 25.26** .90 
Error 26 180.66 
A IV-Full Ridging Regression 19 1006.24 8.09** .91 
Error 16 124.42 
A V-Reduced Ridging Regression 12 1507.91 11.51** .86 
Error 23 131.06 
B IV-Full Contouring Regression 35 2515.55 20.59** .80 
Error 180 122.16 
B IV-Subset Contouring Regression 12 1204.70 51.13** .99 
Full Error 5 23.56 
B V-Subset Contouring Regression 10 1445.25 83.06** .99 
Reduced Error 7 17.40 
B IV-Full Terracing Regression 39 1335.49 8.19** .82 
Error 68 163.07 
A VI-Full Contouring vs Ridging Regression 16 3387.88 14.69** .81 
Error 55 230.68 
A VII-Reduced Contouring vs Ridging Regression 7 7581.07 35.09** .79 
Error 64 216.03 
A & B VI-Full Contouring vs Regression 11 9417.32 46.69** .84 
Terracing vs Ridging Error 96 201.72 
A & B VII-Reduced Contouring vs Regression 4 24951.54 111.02** .81 
Terracing vs Ridging Error 103 224.75 
Significant at the .01 level oi: probability. 
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the use of erosion control practices. 
Corn production in western Iowa is governed largely by the amount 
of water, almost entirely from rain, that is available for plant growth. 
In most years, rainfall is adequate for the production of crops but 
erratic distribution, with torrential rains followed by long dry periods, 
make it desirable to conserve a maximum amount of water for crop use. 
The soils generally are relatively porous, deep, and have sufficient 
water holding capacity to store large amounts of rainfall for plant 
use if steps are taken to prevent heavy runoff and to reduce evaporation. 
Ihe use of conservation practices such as contour planting and ridge 
farming in combination with terraces, diverting and spreading of flood 
water may significantly increase the depth of moisture penetration and 
the amount of water stored in the soil. 
Any form of precipitation, rainfall, or snow may either move over 
the soil surface as surface runoff, evaporate, or infiltrate through 
the soil profile. Moisture that enters the soil may be used by 
plants, evaporatcu Irom the soil surface, temporarily held in the soil 
matrix, or moved below the root zone. These moisture relationships, 
and the fact that soil moisture was of importance in explaining the 
variation in yield in each one of the models developed for western Iowa 
soils, can be used to reach some conclusions concerning the different 
land treatment practices discussed in this study. 
(1) The absence of plant cover contributes markedly to a decrease 
in surface soil moisture due to an increase in surface evaporation, and 
to an increase in the erosion potential of the land. The data collected 
at the fallow plots (runoff plots) at the Western Iowa Experimental Farm 
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(area A) illustrates this fact. 
(2) An ordering of practices, on the basis of soil and water saving 
possibilities at the Treynor watersheds shows that erosion has averaged 
about 30 tons of sediments per acre per year for the unterraced cropped 
watersheds but has been less than 1 ton per acre per year from either 
grass covered or terraced watersheds. Water yields from watersheds are 
not affected appreciably by level terrace systems. However, the reduc­
tion in surface runoff on the terraced field resulted in concentration 
and infiltration of water in terrace channels, and this ponding in small 
areas caused water damages and was of no benefit to the entire area. 
Grass cover compared to corn reduced the water yield because of 
increased évapotranspiration. Also this practice is as good as terraces 
in erosion control but pasturelands in general have not yielded returns 
as high as corn in this soil region, 
(3) Better distribution of rainfall water in the form of surface 
runoff and infiltrating water would occur on ridged corn as compared 
with surface contoured and terraced coru ia western Iowa. The experi­
mental data collected at Gingles watersheds substantiate this fact. 
(4) Monitored irrigation can be of great benefit in western Iowa 
if water is available and the right investment technology is used on 
exposed subsoil of terraced areas. 
From this study it appears reasonable to conclude that yield on 
any of the discussed practices should be about equal in the long run 
because of the uniformity of soils and the level of technology used. 
However, some yield differences might be expected in the short run 
because of soil moisture availability and other weather parameters. 
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Soil erosion control includes physical, economic, and institutional 
dimensions. The physical dimension deals with the supply of resources 
through technological change. This is important in that soil loss has 
economic consequences for the operator of the farm, for parties downstream 
who may be damaged by siltation and flooding and for society, which has 
a longer planning horizon than does the individual farmer. In addition 
to the physical and economic dimensions, there are institutional consi­
derations imposed by society as law and other controls. 
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X. APPENDICES 
A. Selecting the "Best" Regression Equation by 
Backward Elimination Procedure 
The compromise between having all variables or as many X's as possi­
ble in the model and having only those variables which most significantly 
explain the variation in Y (dependent variable) is called selecting the 
best regression equation. 
There is no unique statistical procedure to solve the above problem, 
and personal judgement will be a necessary part of the solution. 
The basic steps in the backward elimination procedures are as follows: 
(1) A regression equation containing all variables is computed. 
This equation is represented in Table 117 and labeled full 
mode1. 
(2) The partial F test value is calculated for every variable 
treated as though it were the last variable to enter the 
regression equation. Table 118 represents this step in the 
selection. 
(3) Adopt the regression equation with the highest F test value, 
after eliminating those variables of no significance in step 
(1). This equation is labeled "best" model in Table 119. 
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Table 117. Backward Elimination Procedures of Full Model Developed in 
Table 97 of Results and Discussion Chapter 
Source of 
variation DF Sum of squares Mean square F 
Order of 
elimination 
Total 17 14574.265 
Regression 12 14556.449 1204.704 51. 13** 
Residual 5 117.816 23.563 
Reps 1 474.917 474.917 20. 16** 6 
Location 2 524.473 262.236 11. 13* 3 
Reps X location 2 1950.033 980.017 41. 59** 9 
S 1 744.355 744.355 31. 59** 8 
Sr 1 1017.289 1017.289 43. 17** 10 
Sd 1 643.728 643.728 27. 32** 7 
Psm 1 311.593 311.593 13. 22* 5 
Jnsm 1 3,711 3.711 0. 16 2 
Csm 1 307.205 307.205 13. 04* 4 
Cu 1 0.009 0.009 0. 00 1 
Significant at the .01 level of probability. 
Significant at the .05 level of probability. 
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Table 118. Cumulative Elimination of Independent Variâtes 
Source of 
variation DF Sum of Squares Mean Square F 
Cumulative 
elimination 
Total 17 14574.265 
Regression 11 14456.440 1314.222 66.92** 1 
Residual 6 117.825 19.638 
Regression 10 14452.470 1445.247 83.06** 1,2 
Residual 7 121.795 17.399 
Regression 8 13846.710 1730.839 21.41** 1,2,3 
Residual 9 727.555 80.839 
Regression 7 13575.348 1939.335 19.41** 1,2,3,4 
Residual 10 998.917 99.892 
Regression 6 13525.367 2254.228 23.64** 1,2,3,4,5 
Residual 11 1048.898 95.354 
Regression 5 13505.163 2701.033 30.32** 1,2,3,4,5,6 
Residual 12 1069.102 89.092 
Regression 4 12857.663 3214.416 24.34** 1,2,3,4,5,6,7 
Residual 13 1716.602 132.046 
Regression 3 211.272 70.424 0.07 1,2,3,4,5,6,7, 
Residual 14 14362.993 1025.928 8 
Regression 1 35.218 35.218 0.04 1,2,3,4,5,6,7, 
Residual 16 14539.047 908.690 8,9 
** 
Significant at the .01 level of probability. 
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Table 119. Best Model Developed by Backward Elimination Procedures (Re­
duced Model, Table 98 of Results and Discussion) 
Source of 
variation DF Sum of Squares Mean Square F 
Total 17 14574 .265 
Regression 10 14452 .470 1445 .247 83 .06** 
Residual 7 121 .795 17 .399 
Reps 1 524 .973 524 .973 30 .17** 
Location 2 605 .798 302 .880 17 .41** 
Reps X location 2 2247 .476 1123 .738 64 .59** 
S 1 877 .531 877 .531 50 .44** 
Sr 1 1126 .932 1126 .932 64 .77** 
Sd 1 715 .051 715 .051 41 . lO^Wr 
Psm 1 504 .200 504 .200 28 . 98** 
Csm 1 398 .620 398 .620 22 .91** 
ick 
Significant at the .01 level of probability. 
The greatest F test value was obtained eliminating consumptive use 
(Cu) and June soil moisture (Jnsm). 
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B. Experimental Data 
1. Corn data 
The descriptions which follow pertain to Areas A and B of this study. 
1. Yield is expressed in bushels/acre. 
3 
2. Stand is expressed in 10 stalks/acre. 
3. Sampling sites are identified as follows: 
Area Location Slope position 
Treynor (B) 1 (T) Top 
2 (M) Middle 
3 (B) Bottom 
Gingles (A) IR (B) Bottom right spoke 
2R (M) Middle right spoke 
3R (T) Top right spoke 
IL (B) Bottom left spoke 
2L (M) Middle left spoke 
3L (T) Top left spoke 
4. Soils are described as follows: 
Soil Type 
1 Ida silt loam 
2 Monona silt loam 
3 Monona eroded 
4 Napier silt loam 
5 Napier calcareous 
5. Any additional description is given at the bottom of each table. 
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a. Cingles watersheds (Area ^  
Table 120. Cingles Watersheds, 1968 Corn Data 
3 
Stand (10 ) Leaf analysis 
Watershed Location Yield per acre Soil Position %N %P %K 
3R 90.2 16.6 1 1 2.56 0.24 1.3 
2R 86.5 15.7 2 2 2.44 0.32 1.1 
IR 102.3 16.3 4 3 2.49 0.32 0.9 
3L 90.2 14.1 1 1 2.67 0.26 1.6 
2L 104.2 17.7 2 2 2.34 0.26 1.5 
IL 100.8 15.1 4 3 2.67 0.27 1.5 
3R 96.2 12.2 1 1 2.64 0.26 1.7 
2R 98.9 14.8 2 2 2.75 0.24 1.3 
IR 89.9 13.9 2 3 2.45 0.32 1,3 
3L 77.0 13.9 1 1 2.50 0.25 1.2 
2L 94.2 16.6 2 2 2.48 0.25 1.1 
IL 98.9 16.8 2 3 2.48 0.27 1.3 
3R 86.7 16.0 1 1 2.63 0.27 1.2 
2R 94.4 17.1 2 2 2.51 0.29 1.3 
IR 78.9 14.8 4 3 2.46 0.33 1.0 
3L 65.0 12.2 1 1 2.63 0.27 1.1 
2L 73.5 12.5 2 2 2.56 0.28 1.3 
IL 64.6 10.2 4 3 2.95 0.29 1.3 
3R 70.7 15.4 2 1 2.69 0.27 1.2 
2R 73 3 14.5 /. 2 2.51 0.24 1.3 
IR 67.8 9.6 4 3 2.52 0.33 0.9 
3L 86.5 14.2 1 1 2.66 0.27 1.0 
2L 56.0 7.6 2 2 2.58 0.28 1.3 
IL 56.3 8.1 4 3 2.95 0.29 1.3 
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Table 121. Cingles Watersheds, 1969, Corn Data 
3 
Stand (10 ) Leaf analysis 
Watershed Location Yield per acre Soil Position %N %P %K 
3R 93.7 17.2 1 1 2.73 0,26 1.9 
2R 95.1 18.1 2 2 2.76 0.30 1.5 
IR 87.6 16.6 4 3 2.67 0.34 1.9 
3L 101.1 17.2 1 1 2.38 0.26 2.0 
2L 95.9 16.8 2 2 2.61 0.27 1.6 
IL 95.1 18.1 4 3 2.56 0.28 1.9 
3R 98.4 14.0 1 1 2.98 0.30 2.0 
2R 114.4 18.3 2 2 2.85 0.25 1.8 
IR 87.3 17.0 2 3 2.72 0.39 1.6 
3L 99.5 17.2 1 1 2.87 0.28 1.3 
2L 109.1 16.8 2 2 2.57 0.29 1.5 
IL 103.1 17.7 2 3 2.89 0.35 1.7 
3R 90.4 13.3 1 1 2.66 0.26 1.5 
2R 93.8 15.7 2 2 2.76 0.35 1.3 
IR 100.1 16.4 4 3 2.57 0.40 1.3 
3L 85.8 16.6 1 1 2.76 0.28 1.3 
2L 103.4 18.5 2 2 2.61 0.36 1.2 
IL 101.2 17.0 4 3 2.53 0.33 1.2 
3R 91.7 15.5 2 1 2.79 0.31 2.0 
2R 104.6 16.4 4 2 2.76 0.31 1.7 
IR 90.7 13.1 4 3 2.66 0.31 1.8 
3L 96.4 15.9 1 1 2.74 0.30 1.3 
2L. 125.0 17.7 2 2 2.74 0.29 1.8 
IL 115.4 16.1 4 3 2.57 0.27 2.3 
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Table 122. Cingles Watersheds, 1970, Corn Data 
3 
Stand (10 ) Leaf analysis 
Watershed Location Yield per acre Soil Position %P %K 
3R 34.2 14.6 1 1 2.44 0.23 2.0 
2R 37.9 15.5 2 2 2.41 0.25 1.4 
IR 59.8 15.3 4 3 2.40 0.31 1.6 
3L 29.1 14.9 1 1 2.42 0.23 1.6 
2L 9.0 14.0 2 2 2.27 0.29 1.7 
IL 12.9 12.9 4 3 2.38 0.28 1.9 
3R 20.4 14.2 1 1 2.38 0.21 2.0 
2R 34.4 13.6 2 2 2.17 0.19 1.5 
IR 11.6 15.3 2 3 2.25 0.30 1.5 
3L 7.3 14.3 1 1 2.16 0.25 1.7 
2L 23.4 15.1 2 2 2.16 0.24 1.3 
IL 9.5 12.5 2 3 2.27 0.26 1.3 
3R 53.9 13.8 1 1 2.25 0.19 1.1 
2R 43.6 13.4 2 2 2.28 0.28 1.2 
IR 59.3 12.3 4 3 2.45 0.34 1.5 
3L 46.9 12.5 1 1 2.35 0.20 1.0 
2L 35.7 14.9 2 2 2.21 0.31 1.2 
IL 35.3 15.5 4 3 2.28 0.31 1.4 
3R 42.1 14.6 2 1 2.41 0.26 1.7 
2R 49.6 13.3 4 2 2.15 0.24 1.3 
IR 39.5 12.1 4 3 2.51 0.29 1.1 
3L 50.9 13.1 1 1 2.29 0.25 1.2 
2L 42,4 14,4 2 2 2 • 15 0.23 1.3 
IL 50.9 13.8 4 3 2.42 0.25 1.8 
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b. Trevnor Watersheds (Area B) 
Table 123. Treynor Watersheds, 1968, Com Data 
Watershed Location 
1 Line 1 IB 
2 
3M 
4 
5 
6T 
7 
2 T 
M 
B 
3 T 
M 
B 
4 T 
M 
B 
5 T 
M 
B 
6 T 
M 
B 
7 T 
M 
B 
3 
Com yield Stand (10 ) 
bu/A^ per acre 
122.0 15.4 
113.5 16.5 
97.9 13.0 
99.9 13.3 
95.8 14.5 
110.2 13.9 
91.6 14.5 
95.8 15.1 
113.7 16.5 
125.5 14.5 
118.0 14.5 
124.1 16.5 
135.1 16.0 
124.0 17.7 
134.4 16.0 
139.6 16.8 
131.9 16.2 
114.4 15.7 
134.7 16.8 
120.7 15.4 
120.4 16.0 
127.3 16.0 
121.4 15.7 
117.1 15.1 
131.1 15.4 
^Yield adjusted for hail damage. 
^Estimated from 1969 soil description of plots 
Ear wt. Soil!' Position'' Leaf analysis 
lb. %N %P 7,K 
29 5 3 2.74 .26 1.8 
25 1 3 2.82 .31 1.6 
25 2 2 2.73 .29 1.9 
25 3 2 2.85 .30 1.8 
24 3 2 2.99 .31 1.7 
28 3 1 3.14 .32 1.8 
25 2 1 2.88 .30 1.9 
23 2 1 2.85 .27 1.3 
26 3 2 2.78 .28 1.9 
30 5 3 2.84 .32 2.8 
27 2 1 2.84 .31 2.2 
26 3 2 2.74 .26 1.8 
27 5 3 2.91 .27 2.3 
24 2 1 3.05 .31 2.7 
28 1 2 2.76 .29 2.3 
28 4 3 2.95 .30 2.3 
28 2 1 2.97 .29 7.3 
25 3 2 2.83 .27 2.1 
28 4 3 2.70 .27 2.2 
26 3 2 2.90 .30 2.5 
26 1 2 2.95 .27 2.1 
26 5 3 3.01 .33 2.0 
26 3 1 2.88 .24 1.9 
26 3 2 2.93 .29 1.8 
25 1 3 2.88 .31 2.3 
Table 123. (Continued) 
Corn yield 
Watershed Location bu/A 
8 T 125.2 
M 119.9 
B 131.1 
9 T 129.1 
M 120.2 
B 118.4 
10 T 129.9 
M 133.4 
B 118.8 
11 T 135.8 
M 121.6 
B 143.0 
12 T 78.2 
M 121.6 
B 109.7 
Line IT 93.1 
M 108.7 
B 142.7 
2 T 96.6 
M 115.5 
B 129.8 
3 T 80.9 
M 113.2 
B 93.3 
4 T 89.0 
M 102.7 
B 116.3 
5 T 103.1 
M 104.3 
B 114.1 
Stand (10^) 
per acre 
16.2 
14.5 
15.1 
16.2 
15.4 
16 .2  
16.5 
15.7 
13.9 
16.0 
16.8 
18.0 
12.5 
14.2 
12.5 
20.3 
16 .8  
18.0 
2 0 . 0  
16 .2  
17.1 
16 .0  
16.5 
17.1 
20.0 
16.8 
18.3 
19.4 
15.7 
18.6 
Ear wt. Soil^ Position^ Leaf analysis 
lb. 7cN %P 7oK 
.27 2 1 2.88 .34 2.2 
.30 1 2 2.99 .32 1.6 
.30 3 3 2.89 .30 2.2 
.29 2 1 2.94 .28 2.0 
.28 3 2 2.89 ,28 1.8 
.27 3 2 2.84 .27 2.2 
.26 2 1 2.84 .25 1.7 
.30 3 2 2.89 .29 1.4 
.29 2 2 3.06 .30 2.0 
.29 2 1 2.75 .28 1.9 
.26 3 2 2.85 .26 1.6 
.28 5 3 2.89 .26 1.6 
.29 2 1 2.48 .22 1.6 
.26 1 2 2.90 .27 1.9 
.27 4 3 2.99 .27 2.5 
.20 2 1 2.50 .24 2.8 
.26 1 2 2.67 .25 1.6 
.32 5 3 2.78 .25 2.2 
.22 2 1 3.15 .28 1.8 
.28 1 2 2.92 .26 1.8 
.32 5 3 2.74 .28 1.8 
.23 3 1 1.96 .26 2.2 
.28 2 1 2.67 .26 2.6 
.24 4 3 2.28 .25 2.1 
.21 4 3 2.88 .30 3.6 
.26 2 2 2.68 .25 2.4 
.27 4 3 2.59 .22 2.5 
.25 2 1 2.68 .29 3.3 
.28 2 2 2.72 .26 2.8 
.25 2 3 2.88 .24 2.3 
Table 123. (Continued) 
3 b b 
Corn yield Stand (10 ) Ear wt. Soil Position Leaf analysis 
Watershed Location. bu/A ^  per acre lb. %N %P %K 
6 T 104,3 19.7 .23 3 1 2,53 .26 2.3 
M 115.0 18.0 .29 1 2 2.49 .26 2.0 
B 118.2 18,0 .29 4 3 2.68 .28 2.6 
7 T 120.6 16,8 ,26 2 1 2,94 .28 2.3 
M 106.6 15.7 .24 1 2 2.61 .25 2.0 
B 116,0 15.7 .26 4 3 2.78 .26 2.3 
8 T 113.1 15.7 .27 2 1 2.91 .27 2.3 
M 102.2 14,5 ,25 2 2 2.38 .26 1.8 
B 119.3 16,2 .26 4 3 2.76 .25 1.8 
9 T 117.5 15.4 .27 3 2 2.86 .26 2.3 
M 103.6 15.1 .26 1 2 2.67 .22 1.6 
B 138.6 15.4 .32 4 3 2.68 .26 1.7 
10 IB 71.9 13.3 .23 1 3 2.01 .21 2.0 
2 93.8 14.8 ,24 2 2 2.63 .24 1.9 
3M 102,1 12.8 .29 1 2 2.86 .24 1.6 
4 112.5 16.0 ,25 3 2 2.65 .24 1.6 
5T 110.0 14.5 .30 3 1 3.08 .29 2.3 
11 T 125,1 16.5 ,28 1 2 2,13 .22 2.3 
M 123.5 16.5 .27 2 3 2.44 .22 1.9 
B 121.2 16,0 .30 4 3 2,78 .27 2.3 
12 T 110.3 16.5 .25 2 1 3,10 .29 2.0 
M 117.6 15.4 .26 1 2 2.45 .28 1.9 
B 95.0 13.0 .27 4 3 3.18 .22 1.6 
I 1 130.0 15.1 .50 5 la 3.30 0.23 2.3 
2 128.8 15.3 .46 5 la 3.59 0.33 2.7 
3 114.8 17.1 .39 1 2b 3.14 0.30 2.2 
4 117.5 15,7 ,40 3 2c 3.18 0.28 2.0 
c 
1 = terrace channel (a = run on, b, = run off, c = ponded. 2 = interterrace (a = ridge, b = 
slope, c = cove). 
Table 123. (Continued) 
3 
Corn yield Stand (10 ) 
Watershed Location bu/A ^  per acre 
Rep II 1 104.2 17.4 
2 10(5.7 15.1 
3 102.1 17.1 
4 108.2 16.8 
Rep III 1 93.2 14.5 
2 74.9 16.3 
3 89.8 15.4 
4 85.8 14.8 
Rep IV 1 145.7 18.6 
2 122.1 19.4 
3 65.6 16.8 
4 102.3 17.7 
Rep V 1 114.6 18.0 
2 130.3 19.7 
3 106.0 17.1 
4 108.3 16.5 
Rep VI 1 99.9 18.6 
2 107.8 15.6 
3 109.1 17.4 
4 101.3 16.8 
Rep VII 1 127.4 17.1 
2 125.5 17.1 
3 108.7 16.8 
4 117.6 17.4 
Rep VIII 1 143.6 18.5 
2 125.2 15.9 
3 111.4 19.7 
4 111.3 17.7 
Ear wt. Soil ^  Position*^ Leaf analysis 
lb. %N 7cP 7oK 
36 3 lb 2.71 0.26 1.7 
41 2 la 2.91 0.26 2.1 
36 2 2b 2.67 0.22 1.8 
36 3 2b 2.58 0.22 1.5 
37 3 la 2.45 0.25 1.6 
30 3 Ic 1.96 0.26 1.6 
35 3 2b 2.64 0.25 1,5 
34 3 2b 2.80 0.25 1.7 
45 2 lb 2.97 0.35 3.0 
36 2 la 2.78 0.27 2.6 
24 2 2a 1.90 0.23 2.3 
39 2 2a 2.99 0.30 2.8 
36 3 la 3.22 0.34 2.7 
39 3 lb 2.99 0.29 2.7 
36 3 2b 2.45 0.24 2.3 
42 3 2b 3.26 0.33 2.9 
33 1 lb 2.35 0.23 1.9 
40 1 lb 2.83 0.26 2.0 
38 2 2b 3.01 0.27 2.3 
38 1 2b 2.88 0.26 1.5 
45 4 lb 2.83 0.26 2.0 
42 1 lb 2.68 0.24 1.7 
37 1 2b 2.73 0.24 1.4 
39 4 2c 2.52 0.24 2.3 
43 4 la 2.88 0.28 2.6 
48 5 Ic 2.94 0.29 2.9 
35 1 2b 2.39 0.22 2.0 
41 4 2c 2.59 0.25 2.5 
Table 123. (Continued) 
Corn yield Stand (10^) Ear wt. Soil^ Position^ Leaf analysis 
Watershed Location: bu/A ^  per acre lb. %N %P %K 
Rep IX 1 136.9 18.5 .40 1 lb 2.73 0.25 2.3 
2 141.7 19.1 .41 4 la 2.88 0.29 3.2 
3 135.0 15.6 .53 4 2c 3.20 0.26 2.1 
4 103.9 18.5 .32 1 2b 2.82 0.24 1.5 
Table 124. Treynor Watershed, 1969, Corn Data 
Corn yield Stand (10^) 
Watershed Location bu/A per acre 
Line 1 IB 143.5 16.8 
2B 14(3.4 17.7 
3M 15(3.4 17.1 
4M 156.5 17.1 
5M 156.3 18.0 
6T 104.9 14.5 
7T 153.3 18.9 
Line 2 T 159.9 20.6 
M 155.5 19.5 
B 167.0 21.2 
Line 3 T 156.4 18.9 
M 174.4 20.0 
B 153.3 16.6 
Line 4 T 162.1 19.2 
M 152.9 19.2 
B 149.4 18.0 
Line 5 T 147.4 18.6 
M 123.8 12.5 
B 153.7 18.9 
Line 6 T 153.0 19.7 
M 137.7 19.4 
B 153.8 18.6 
Line 7 T 153.8 17.1 
M 167.3 18.0 
B 152.5 16.8 
Line 8 T 158.7 18.0 
M 143.9 15.1 
B 158.4 16.8 
Line 9 T 196.7 22.1 
M 147.5 19.5 
B 171.5 17.4 
Ear wt. Leaf analysis 
lbs. Soil Position %N %P %K 
0.61 5 3 3.14 0.24 2.1 
0.56 1 3 3.01 0.26 1.8 
0.61 2 2 3.19 0.29 2.4 
0.62 3 2 3.00 0.30 2.0 
0.62 3 2 3.34 0.31 2.2 
0.62 3 1 3.28 0.31 2.1 
0.61 2 1 3.05 0.32 2.5 
0.58 2 1 3.13 0.31 2.5 
0.55 3 2 3.11 0.30 2.8 
0.57 5 3 2.97 0.34 2.0 
0.58 2 1 2.91 0.28 2.9 
0.63 3 2 3.13 0.30 2.4 
0.66 5 3 3.02 0.30 2.1 
0.59 2 1 3.18 0.30 3.1 
0.57 1 2 3.17 0.34 2.4 
0.62 4 3 3.17 0.32 2.3 
0.59 2 1 3.06 0.31 2.6 
0.69 3 2 3.36 0.34 2.2 
0.60 4 3 3.27 0.26 2.4 
0.54 3 1 3.15 0.28 2.8 
0.48 1 2 3.16 0.29 1.6 
0.57 5 3 3.26 0.31 2.0 
0.61 3 1 3.27 0.33 2.5 
0,64 3 2 3.08 0.33 2.2 
0.63 1 3 3.11 0.31 2.3 
0.62 2 1 3.14 0.28 2.3 
0.66 1 2 3.10 0.32 1.8 
0.70 3 3 2.98 0.29 2.6 
0.62 2 1 3.00 0.28 2.5 
0.59 3 2 3.34 0.30 2.4 
0.67 3 2 3.03 0.31 2.3 
Table 124. (Continued) 
Corn yield Stand (10^) 
Watershed Location bu/A per acre 
Line 10 T 163.6 18.8 
M 165.9 18.6 
B 163.4 18.6 
Line 11 T 152.6 17.4 
M 151.4 16.3 
B 150.0 17.4 
Line 12 T 137.1 16,8 
M 135.6 16.6 
B 147.5 15.4 
Line 1 T 154.8 17.1 
M 146.1 18.0 
B 158.4 18.0 
Line 2 T 141.9 17.7 
M 134.7 16.6 
B 167.2 16.8 
Line 3 T — — — — 
M 157.4 17.4 
B 136.8 17.4 
Line 4 T 166.7 18.6 
M 160.7 18.0 
B 149.0 18.9 
Line 5 T 172.9 19.5 
M 143.0 17.1 
B 166.8 18.6 
Line 6 T 157.1 18.3 
M 148.5 16.8 
B 155.3 18.9 
Line 7 T 156.2 16.3 
M 141.2 17.1 
B 170.6 18.9 
Ear wt. Leaf analysis 
lbs. Soil Position %N %P %K 
0.63 2 1 3.19 0.28 2.6 
0.68 3 2 3.27 0.30 2.3 
0.61 2 2 3.18 0.29 2.7 
0.63 2 1 3.15 0.29 2.4 
0.71 3 2 3.30 0.30 2.3 
0.69 5 3 2.96 0.38 2.5 
0.63 2 1 3.16 0.29 2.6 
0.57 1 2 3,64 0.33 1.6 
0.63 4 3 3.24 0.32 2.7 
0.64 2 1 3.10 0.30 2.3 
0.57 1 2 2.97 0.27 1.8 
0.60 5 3 3.17 0.27 2.2 
0.59 2 1 3.04 0.30 2.8 
0.57 1 2 3.05 0.27 2.0 
0.68 5 3 3.11 0.29 2.1 
— — 3 1 2.90 0.29 2.3 
0.63 2 1 2.76 0.28 2.2 
0.54 4 3 3.40 0.28 2.2 
0.62 4 3 3.15 0.30 2.8 
0.62 2 2 3.10 0.27 2.3 
0.53 4 3 3.32 0.26 2.5 
0.62 2 1 3.22 0.30 2.8 
0.60 2 2 3.18 0.26 2.5 
0.62 2 3 3.28 0.30 2.2 
0,61 3 1 3.20 0.29 2.3 
0.61 1 2 3.10 0.27 1.8 
0,57 4 3 3.29 0.27 1.9 
0.67 2 1 3.06 0.28 2.4 
0.62 1 2 3.12 0.28 2.0 
0,62 4 3 2.84 0.26 2.2 
Table 124. (Continued) 
Watershed Location 
Line 8 T 
M 
B 
Line 9 T 
M 
B 
Line 10 IB 
2M 
3M 
4M 
5T 
Line 11 T 
M 
B 
Line 12 T 
M 
B 
4 Rep I 1 
2 
3 
4 
Rep II 1 
2 
3 
4 
Com yield Stand (10^) 
bu/A per acre 
155.3 16.0 
144.3 15.4 
170.8 16.8 
147.4 18.0 
141.6 16.0 
153.7 17.1 
176.8 19.5 
171.6 19.2 
147.8 17.4 
13(5.1 16.3 
166.0 17.4 
143.2 14.8 
156.8 16.3 
166.8 17.1 
162.4 16.6 
143.1 16.6 
158.0 16.8 
139.9 19.7 
146.9 20.6 
157.0 20.0 
142.8 18.6 
135.5 15.1 
176.8 21.2 
134.5 17.4 
115.5 13.1 
^1 = terrace channel (a = run on., b = run off 
slope, c = cove). 
Ear wt. Leaf analysis 
lbs. Soil Position* %N %P 7=K 
0.70 2 1 2.94 0.27 2.6 
0.63 2 2 2.96 0.29 2.4 
0.69 4 3 3.05 0.27 2.6 
0.58 3 2 2.99 0.27 2.3 
0.61 1 2 2.87 0.25 1.7 
0.61 4 3 3.12 0.30 2.0 
0.64 1 3 2.97 0.34 2.1 
0.61 2 2 2.98 0.27 2.3 
0.58 1 2 2.98 0.24 1.4 
0.58 3 2 3.09 0.30 2.0 
0.65 3 1 2.97 0.28 2.8 
0.66 1 2 3.00 0.26 2.2 
0.66 2 3 3.22 0.27 2.2 
0.66 4 3 3.12 0.27 2.3 
0.67 2 1 3.02 0.26 2.6 
0.60 1 2 2.92 0.26 1.8 
0.68 4 3 2.97 0.30 2.4 
0.48 5 la 3.46 0.30 2.3 
0.52 5 la 3.20 0.33 2.9 
0.54 1 2b 3.31 0.30 2.3 
0.53 3 2c 3.33 0.28 2.3 
0.64 3 lb 3.44 0.29 2.1 
0.60 2 la 3.31 0.28 2.5 
0.57 2 2b 3.31 0.29 2.0 
0.65 3 2b 3.34 0.29 1.8 
c = ponded) ; 2 = interterrace (a = ridge. b = 
Table 124. (Continued) 
Corn yield 
Watershed Location bu/A 
Rep III 1 119.6 
2 92.5 
3 101.1 
4 112.6 
Rep IV 1 149.8 
2 161.9 
3 144.5 
4 154.3 
Rep V 1 142.9 
2 170.7 
3 163.0 
4 145.2 
Rep VI 1 154.3 
2 147.7 
3 144.4 
4 154.2 
Rep VII 1 149.8 
2 141.9 
3 134.3 
4 161.5 
Rep VEII 1 156.1 
2 157.0 
3 111.9 
4 144.0 
Rep IX 1 173.7 
2 174.0 
3 154.7 
4 74.3 
3 
tand (10 ) Ear wt. Leaf analysis 
per acre lbs. Soil Position^ %N %P %K 
11.6 0.67 3 la 3.35 0.29 2.2 
10.5 0.59 3 Ic 3.37 0.30 2.2 
10.5 0.64 3 2b 3.51 0.34 2.1 
13.1 0.62 3 2b 3.50 0.33 2.1 
21.5 0.58 2 lb 3.20 0.36 3.3 
22.1 0.63 2 la 3.22 0.32 3.2 
20.3 0.55 2 2a 3.06 0.32 2.8 
19.2 0.61 2 2a 3.24 0.36 3.8 
19.5 0.57 3 la 3.33 0.36 3.0 
20.3 0.62 3 lb 3.28 0.31 3.3 
18.6 0.62 3 2b 3.22 0.30 2.9 
20.0 0.53 3 2b 3.25 0.30 3.1 
17.7 0.58 1 lb 3.01 0.31 2.3 
17.1 0.62 1 lb 3.28 0.31 2.3 ' 
17.4 0.59 2 2b 3.33 0.33 3.0 
17.1 0.62 1 2b 3.08 0.30 1.5 
18.6 0.59 4 lb 3.09 0.31 2.5 
15.4 0.63 1 lb 2.99 0.29 2.0 
16.3 0.60 1 2b 3.14 0.29 1.8 
16.8 0.66 4 2c 3.05 0.32 2.7 
17.7 0.63 4 la 3.22 0.33 2.7 
18.3 0.63 5 Ic 3.13 0.33 2.6 
13.9 0.59 1 2b 3.06 0.26 1.7 
17.4 0.61 4 2c 3.16 0.32 3.0 
17.7 0.68 1 lb 3.20 0.30 2.8 
18.0 0.67 4 la 3.37 0.32 3.0 
17.4 0.63 4 2c 3.16 0.31 3.0 
7.6 0.73 1 2b 3.12 0.31 1.6 
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Table 125. Treynor Watershed, 1970 Corn Data 
3 
Corn yield Stand (10 ) Ear wt. Posi-
Watershed Location bu/A per acre lbs. Soil tion 
Line 1-B 134.0 19.5 0.40 5 3 
2 118.8 19.7 0.34 1 3 
3-M 118.7 16.0 0.42 2 2 
4 130.9 20.0 0.38 3 2 
5 115.1 18.6 0.35 3 2 
6 -T 112.8 14.8 0.43 3 1 
7 126.0 19.2 0.37 2 1 
Line 2-T 111.2 16.3 0.38 2 1 
M 139.3 20.9 0.37 3 2 
B 141.9 18.6 0.43 5 3 
Line 3-T 118.1 16.6 0.40 2 1 
M 114.1 14.8 0.43 3 2 
B 142.0 22.1 0.36 5 3 
Line 4-T 129.9 19.2 0.38 2 1 
M 126,7 20.0 0.35 1 2 
B 122.5 13.6 0.50 4 3 
Line 5-T 119.1 15.7 0.43 2 1 
M 121.4 16.3 0.42 3 2 
B 143.4 20.3 0.40 4 3 
Line 6-T 119.4 19.5 0.34 3 1 
M 120.9 17.7 0.38 1 2 
B 117.5 17.4 0,38 5 3 
Line 7-T 128.1 21.2 0.34 3 1 
M 129.4 21.8 0.33 3 2 
B 121.8 17.7 0.39 1 3 
Lxîlc 8-T 114.0 15.7 0.41 2 1 
M 108.0 17.1 0.35 1 2 
B 112.7 16.0 0.40 3 3 
Line 9-T 130.0 19.5 0.37 2 1 
M 123.1 18.6 0.37 3 2 
B 123.9 20,0 0.35 3 3 
Line 10-T 120,0 20.9 0.32 2 1 
M 120.0 20,3 0,33 3 2 
B 135.8 17.7 0,43 2 3 
Line 11-T 108.2 18.6 0,33 2 1 
M 116.1 17.4 0.37 3 2 
B 132.8 20.9 0.36 5 3 
Line 12-T 97.2 16.6 0.33 2 1 
M 105,1 14.8 0.40 1 2 
B 112.9 18.9 0.34 4 3 
Line 1-T 110.9 18.6 0.33 2 1 
M 119.4 15.1 0.43 1 2 
B 119.5 17.7 0.40 5 3 
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Table 125. (Continued) 
3 
Corn yield Stand (10 ) Ear wt. Posi-
Watershed Location bu/A per acre lbs. Soil tion® 
Line 2-T 117.6 16.8 0.44 2 1 
M 76.6 11.3 0.39 1 2 
B 150.6 19.7 0.45 5 3 
Line 3-T 102.3 16.3 0.40 3 1 
M 99.5 14.8 0.38 2 1 
B 138.6 16.6 0.48 4 3 
Line 4-T 116.4 14.5 0.46 4 3 
M 90.4 13.9 0.40 2 2 
B 126.2 15.1 0.49 4 3 
Line 5-T 105.4 18.0 0.38 2 1 
M 110.4 21.2 0.31 2 2 
B 118.4 16.3 0.43 2 3 
Line 6-T 96.4 14.5 0.41 3 1 
M 103.2 15.4 0.37 1 2 
B 94.3 13.6 0.41 4 3 
Line 7-T 94.0 14.8 0.34 2 1 
M 110.0 18.0 0.38 1 2 
B 127.2 20.6 0.36 4 3 
Line 8-T 121.1 17.4 0.40 2 1 
M 100.3 16.8 0.38 2 2 
B 124.3 16.8 0.44 4 3 
Line 9-T 117.1 18.0 0.38 3 2 
M 100.1 17.4 0.34 1 2 
B 120.7 19.2 0.36 4 3 
Line 10-IB 132.3 18.0 0.41 1 3 
2 112 « 6 19.2 0.36 2 2 
3 92.6 18.0 0.28 1 2 
4 117.5 17.4 0.38 3 2 
5T 120.0 16.0 0.43 3 1 
Line 11-T 103.2 13.6 0.41 1 2 
M 112.5 18.3 0.44 2 3 
B 133.0 18.3 0.45 4 3 
Line 12-T 116.7 16.0 0.40 2 1 
M 132.2 18.9 0.42 1 2 
B 135.2 18.9 0.44 4 3 
Rep I -1 160.2 19.7 0.47 5 la 
2 131.3 22.7 0.34 5 la 
3 111.7 16.6 0.41 1 2b 
4 127.8 19.5 0.38 3 2c 
^1 = terrace channel (a = run on, 
interterrace (a = ridge, b = slope, c 
b - run off, 
= cove). 
c = ponded); 2 -
Table 125. (Continued) 
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3 
Corn yield Stand (10 ) Ear wt. Posi-
Watershed Location bu/A per acre lbs. Soil tion* 
Rep II 1 120.3 15.7 0.45 3 lb 
2 116.8 16.3 0.43 2 la 
3 116.9 17.4 0.40 2 2b 
4 103.5 13.6 0.45 3 2b 
Rep III 1 120.3 16.3 0.42 3 la 
2 63.4 9.6 0.45 3 Ic 
3 100,2 16.6 0.36 3 2b 
4 112.1 17.1 0.39 3 2b 
Rep IV 1 116.1 15.1 0.40 2 lb 
2 102.6 16.0 0.46 2 la 
3 114.9 14.2 0.44 2 2a 
4 125.1 14.5 0.43 2 2a 
Rep V 1 86.6 14.2 0.38 3 la 
2 126.2 14.8 0.47 3 lb 
3 116.6 16.3 0.41 3 2b 
4 127.4 16.6 0.43 3 2b 
Rep VI 1 131.0 20.9 0.44 1 lb 
2 103.5 14.2 0.38 1 lb 
3 100.8 13.9 0.42 2 2b 
4 88.9 9.3 0.45 1 2b 
Rep VII 1 107.4 11.6 0.48 4 lb 
2 96.2 11.6 0.49 1 lb 
3 99.2 14.5 0.38 1 2b 
4 125.0 17.7 0.44 4 2c 
Rep VLII1 118.8 14.5 0.47 4 la 
2 iub.3 13.9 0.41 5 Ic 
3 94.7 13.1 0.41 1 2b 
4 123.4 18.3 0.42 4 2c 
Rep IX 1 85.3 9.9 0.55 1 lb 
2 99.3 12.8 0.44 4 la 
3 108.9 13.1 0.50 4 2c 
4 115.5 13.4 0.51 1 2b 
Weather variables 
a. Area A 
Table 126. Total Precipitation in Inches at Western Iowa Experimental Farm 
Period Months Total 
(year) S 0 N D J F M A M J J A Pre to 
crop 
Cropp. 
season 
Total 
1967-68 
1968-69 
1969-70 
1.45 
4.39 
1.16 
2.13 
5.18 
2.72 
.05 
.90 
.04 
.52 
1.40 
.91 
.64 
.99 
.15 
.12 
1.87 
.03 
.77 
.58 
2.25 
3.18 
1.63 
1.51 
2.65 
2.15 
4.59 
7.07 
4.79 
1.86 
3.01 
2.65 
1.84 
4.26 
5.37 
.84 
11.51 
19.09 
13.36 
14.34 
12.81 
4.54 
25.85 
31.90 
17.90 
Table 127. Air Temperature F-Averag;e (Ave. Max./Ave. Min.) at Western Iowa Farm 
Period 
(year) M 
Months 
1968 
1969 
1970 
Ave. - 3 years 
of: Days above ave. 
3 years 1968 
1969 
1970 
No. of days above 90*' 
1968 
1969 
1970 
55.7 
61.9 
64.8 
6 0 . 8  
7 
19 
24 
0 
0 
2 
71.5 
65.3 
70.8 
69.2 
23 
11 
18 
10 
2 
4 
73.5 
74.4 
74.7 
74.2 
15 
16 
18 
6 
6 
10 
72.2 
73.1 
74.7 
73.3 
14 
13 
19 
7 
3 
11 
Table 128. Average Soil Temperature at Different Depths - Western Iowa Experimental Farm 
Depth - inches 
Month Year 1 bJ
 
to
 
00
 1 
4 8 20 40 Ave. 
20" 
Ave. 
40" (Extremes (Hi/Low) at these depths) 
May 1968 64.9 60.9 58.1 56.2 52.8 50.3 58.6 57.2 
90/42 80/42 75/44 68/50 59/50 52/46 
June 1968 82.2 77.1 73.2 70.1 64.4 58.9 73.4 71.0 
104/53 94/53 88/53 80/56 70/56 62/52 
74.3 July 1968 82.5 78.8 75.7 74.1 69.7 65.2 76.2 
100/60 96/58 91/58 82/64 73/64 68/60 
August 1968 81.8 78.0 74.9 73.8 70.6 68.1 75.8 74.5 
106/60 98/58 92/59 88/63 77/66 70/66 
May 1969 65.4 62.4 58.9 56.4 50.4 45.6 58.7 56.5 
94/40 92/38 84/38 77/44 60/42 52/38 
June 1969 72,8 69.8 66.0 64.5 60.0 56.8 66.6 65.0 
100/46 95/44 87/45 73/53 64/54 68/52 
74.8 July 1969 82.3 79.8 76.0 75.0 70.1 65.3 76.6 
108/59 104/58 98/58 88/65 76/64 70/60 
74.4 August 1969 80.4 78.1 73.6 74.0 71.2 68.8 75.5 
106/56 102/57 90/58 81/67 76/68 72/66 
May 1970 67.8 66.2 62.4 60.7 54.5 50.0 62.3 60.3 
91/32 86/32 80/32 74/42 62/45 56/44 
June 1970 77.9 74.1 68.8 69.2 65.0 60.5 71.0 69.3 
110/51 94/51 85/51 80/58 72/59 74/57 
74.7 July 1970 83.5 79.2 73.6 73.7 71.0 67.3 76.2 
120/53 102/55 90/56 89/64 76/68 72/65 
73.8 August 1970 81.6 78.0 71.7 71.7 71.2 68.7 74.8 
104/58 96/60 88/60 80/64 74/68 70/68 
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b. Area B 
Table 129. Air Temperature °F-average at Treynor Watersheds 
Months 
Year M J J A 
1968 56.8 73.3 75.8 74.3 
1969 62.2 67.3 77.2 73.9 
1970 66.3 72.3 75.4 74.4 
Average 3 years 61.77 70.97 76.13 74.2 
Days above average 1968 7 19 16 15 
of 3 years 1969 17 10 18 16 
1970 21 24 16 18 
No. of days 1968 1 14 11 10 
above 90° 1969 0 4 12 4 
1970 2 6 12 9 
Table 130. Average Soil Temperature °F at Different Depth - Shenandoah, Iowa 
Depth in inches 
Month Year 1 2.25 4 8 20 40 Ave. 
20" 
Ave. 
40" Extremes (Hi/Low) at these depths 
May 1968 66.5 63,5 61.0 59.2 53.2* 50.0* 60.7 58.9 
90/32 83/46 78/50 68/53 
June 1968 82.3 78.2 76.5 72.2 70.1* 64.4* 75.9 73.9 
100/56 94/56 92/57 81/61 -  — - a 
July 1968 87.1 82.4 81.1 77.3 75.7 74.1 80.7 79.6 
105/65 97/62 94/64 84/69 ---
a 
August 1968 78.7 77.0 76.0 74.5 71.0 68.0 75.4 74.2 
100/57 94/58 90/60 84/65 — - — — 
May 1969 65.4* 62.2 62.5 59.8 54.7 51.8 60.9 59.4 
— — — 86/45 81/47 74/51 64/49 56/48 
June 1969 74.1 73.0 70.3 67.6 63.5 59.9 69.7 68.0 
97/54 96/53 87/56 78/59 67/61 64/ 56 
July 1969 84.0 81.3 78.8 76.4 72.1 68.7 78.5 76.9 
101/64 97/63 92/66 85/69 77/67 77/63 
August 1969 81.2 77.9 76.3 73.9 72.2 70.1 76.3 75.3 
102/66 97/65 90/68 82/69 74/68 71/68 
May 1970 75.5 69.7 66.0 63.1 57.4 53.5 66.3 64.2 
99/41 90/38 84/41 76/47 65/50 59/48 
June 1970 81.6 76.8 73.8 71.1 66.0 61.7 73.9 71.8 
103/57 95/57 89/60 81/62 70/61 65/59 
July 1970 85.1 80.5 77.8 74.9 70.4 66.8 77.7 75.9 
115/59 103/61 93/65 84/69 72/69 67/65 
August 1970 84.8 79.6 76.5 74.4 71.0 68.3 77.3 75.4 
107/57 99/56 93/58 84/63 74/66 70/65 
E^stimated. 
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3. Other hydrologie variables 
a. Cingles Watersheds (Area ^  
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Table 131. Surface runoff (inches) from Cingles Watersheds for meadow, 
contour ridge planted corn and contour surface planted corn 
during 1968 crop year 
Meadow Corn 
Ridge Surface 
W.S.#6 W.S.#3 W.S.#1 W.S.#5 W.S.#4 W.S.#2 
Storm date NW SE NM SW SM NE 
June 23 TR.* TR. 0.01 TR. 0.01 TR. 
23 0.00 0.00 0.01 0.00 0.01 TR. 
24 0.01 0.01 0.18 0.03 0.28 0.24 
25 0.01 0.00 0.23 0.07 0.38 0.33 
25 0.00 0.00 0.02 TR. 0.04 0.05 
29 0.00 0.00 0.08 0.01 0.10 0.12 
July 17 0.00 0.00 TR. 0.00 0.01 0.02 
Aug. 8 0.02^  0.01 0.20^  0.05^  0.30% 0.27 
27 0.00 TR. 0.10 0.05 0.20 0.15 
Sept. 3 TR. 0.00 0.07 TR. 0.20 0.14 
6 0.00 0.00 TR. 0.00 0.01 TR. 
22 0.00 0.00 0.01 0.00 0.03 0.00 
Oct. 16 0.01 0.02 0.02^  0.01^  0.05^  0.10^  
lOiALS 0.05 0.04 0.93 0.22 1.62 1.42 
r^ace. 
E^stimated data. 
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Table 132. Surface runoff (inches) from Cingles Watersheds for meadow, 
contour ridge planted corn and contour surface planted corn 
during 1969 crop year 
Meadow Corn 
Ridge Surface 
W.S.#6 W.S.#3 W.S.#1 W.S.#5 W.S.#4 W.S.#2 
Storm date NH SE NM SW SM NE 
May 16 0.01 TR.* 0.06 0.01 0.01 TR. 
21 0.00 0.00 TR, 0.00 0.00 0.00 
June 11 0.30 TR. 0.29 0.05, 0.51 0.41 
11 0.01 TR. 0.16 0.02* 0.38 0.20 
22 0.09 0.03 0.06 0.01^  0.04 0.03 
28 0.11 0.04 0.23 0.03 0.39 0.16 
July 7 0.28 0.28^  0.35^  0.20^  0.59 0.30^  
Aug. 6 0.25 0.26 0.40 0.08, 0.73 0.35 
8 0.21 0.16 0.30 0.06 0.42 0.26 
TOTALS 1.26 0.77 1.85 0.46 3.07 1.71 
r^ace. 
E^stimated data. 
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Table 133. Surface runoff (inches) from Cingles Watersheds for meadow, 
contour ridge planted corn and contour surface planted corn 
during 1970 crop year 
Meadow Corn 
Ridge Surface 
W.S.#6 W.S.#3 W.S.#1 W.S.#5 W.S.#4 W.S.#2 
Storm date m SE NM SW SM NE 
May 12 TR.* TR. TR. TR. 0.07 0.03 
13 0.01 0.03 0.16 0.01 0.24 0.40 
29 0.00 0.00 0.00 0.00 0.01 TR. 
30 0.00 0.00 0.11 TR. 0.28 0.26 
31 0.00 0.00 0.01 0.00 0.00 0.01 
June 10 0.00 0.00 0.00 0.00 0.01 0.00 
11 0.00 0.00 0.06 0.00 0.24 0.24 
12 0.00 0.00 0.03 0.00 0.01 0.03 
Sept. 14 0.00 0.00 TR. TR. TR. 0.00 
15 TR. 0.03 0.01 0.01 0.03 0.00 
Oct. 8 0.00 0.00 0.01 TR. 0.03 0.00 
TOTALS 0.01 0.06 0.39 0.02 0.92 0.97 
r^ace. 
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Table 134. Raingage Stick Measurements (Inches) at Time of Chart Removal 
for Gingles Watersheds near Castana, Iowa During 1968 
Location 
Center 
At At 
8 inch Ground 
Storm dates SE m sw NE Center Gage 
level 
Level 
8 Inch Gages 3 Inch Gages 
April 3 0.85 
April 7 0.12 
April 14 0.44 0.41 0.46 0.41 0.31 
April 17 0.37 0.38 0.46 0.38 0.34 
April 18-20 0.35 0.38 0.49 0.34 0.42 
April 21-23 0.93 0.65a 0.90 0.83 0.56 
May 6-7 1.24 1.57 1.77 1.18 1.38 
May 14 0.22 0.24 0.25 0.21 0.21 
May 21 0.11 0.11 0.11 0.08 0.09 
May 26 0.98 0.98 1.17 1.00 0.98 
May 28 0.05 0.04 0.04 0.04 0.03 0.03 0.04 
June 10 0.76 0.75 0.81 0.74 0.68 0.70 0.71 
June 10-11 0.37 0.37 0.38 0.35 0.37 0.35 0.35 
June 23-24 1.75 1.69 1.83 1.69 1.55 1.50 1.58 
June 24-25 2.09 1.95 2.28 2.04 1.95 1.97 1.95 
June 25-26 0.81 0.66 1.01 0.80 0.65 0.67 0.75 
June 29b 0.69 0.67 0.66 0.65 0.64 0.65 
July 8 0.15 0.12 0.08 0.12 0.08 0.13 0.15 
July 16 0.18 0.15 0.18 0.16 0.17 0.19 0.18 
July 17 0.71 0,72 0.75 0.71 0.70 0,71 0,71 
July 29 0.62 O!65 0.67 0.62 0.61 0.63 0.62 
July 29 0.61 0.65 0.66 0.59 0.63 0.64 0.56 
July 30 0.22 0.20 0.20 0.20 0.18 0.21 0.22 
Aug. 4 0.07 0.07 0.04 0.04 0.04 0.07 0.07 
Aug. 8 1.61 1.36 1.66 1.69 1.26 1.32 1.26 
Aug. 10 0.14 0.12 0.13 0.12 0.14 0.15 0.14 
Aug. 15 0.26 0.26 0.26 0.26 0.30 0.31 0.31 
Aug. 22 0.40 0.37 0.37 0.39 0.39 0.43 0.37 
Aug. 26=27 1.31 1.31 1.39 1.36 1=40 1.39 1.40 
Aug. 29-30 0.42 0.41 0.45 0.41 0.43 0.47 0.44 
Sept. 3 1.56 1.40 1.80 1.60 1.42 
Sept. 6 0.22 0.22 0.23 0.22 0.20 
E^stimated data. 
'^ June 29 storm stick reading less than total precipitation. 
278 
Table 134. (Continued) 
Location 
Center 
At At 
8 inch Ground 
Storm dates SE m SW NE Center Gage Level 
level 
8 Inch Gages 3 inch gages 
Sept. 8 0.15 0.13 0.17 0.15 0.11 
Sept. 16 1.30 1.27 1.40 1.27 1.21 1.13 1.30 
Sept. 17-18 0.69 0.63 0.73 0.68 0.65 0.56 0.60 
Sept. 22 0.35 0.33 0.43 0.35 0.32 0.33 0.35 
Sept. 29 0.18 0.17b 0.19 0.16 0.17 0.25 0.22 
Oct. 5 0.43 0.51 0.51 0.39 0.51 0.54 0.53 
Oct. 8-9 0.41 0.39 0.36 0.40 0.37 0.39 0.52 
Oct. 15-17 4.78 4.36 5.35 5.00 4.33 4.15 3.98 
TOTALS 28.90 26.65 30.63 27.63 25.78 19.87 19.21 
All storms except 
April 3,7,21' -23 & 
Sept. 29 26.82 25.83 29.54 26.64 25.05 
All storms except 
April 3-May 26, 
June 29 & Sept. 3-8 19.12 19.22 19.21 
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Table 135. Rainfall (Inches) on Cingles Watersheds During 1969 Crop Year 
location 
Center 
At At 
8 inch Ground 
Storm dates SE NW SW NE Center Gage level 
level 
8 Inch Gages 3 Inch Gages 
April 15-16 0. 14 0. 13 0. 12 0. ,12 0. 11 
April 17-18 0. ,63 0. 54 0. 73 0. ,64 0. 52 
April 24 0. 15 0. 16 0. ,16 0. ,13 0. 14 
April 26-27 0. ,61 0, .60 0. 72 0. ,57 0. ,55 
May 2-3 0. ,27 0, .26 0. 31 0, .27 0. ,27 
May 6 0. ,07 0, .07 0. 08 0, ,08 0. ,06 
May 8 0. ,38 0, .37 0. 40 0, .35 0. ,37 
May 16 1, ,47 1. 62 1. 74 1. 43 1. ,37 
May 20 0. ,04 0, .04 0, .03 0, .03 0. ,01 
May 22 0. ,39 0, .42 0, .50 0, .41 0. ,42 
May 26 0. ,06 0, .07 0, .02 0, .02 TR.a 
May 29 0. ,02 TR. TR. TR. TR. TR. TR. 
June 11 1. ,60 1, .49 1, .71 1, .62 1. 49 1. 40 1. 52 
June 11-12 0. ,65 0 .64 0, .75 0, .67 0. ,58 0. 58 0. 63 
June 14 0. ,06 0, .06 0, .06 0, 06 0. ,05 0. 05 0. 05 
June 22 0. ,97 1, .13 1, .08 1, .02 0. ,91 0. 94 0. 93 
June 25 0, .29 0 .28 0 .33 0, .29 0, .33 0. 35 0. 38 
June 28 1, .17 0 .97 1 .36 1, .13 0, .94 1. 13 1. 01 
July 6-7 1, .28 1 .25 1 .  48 1 .22 1, .38 1. 33 1. 31 
July 8 0, .05 0 .05 0, .05 0 .05 0. 05 0. 05 0. 05 
July 9 Q, .09 0 .08 0 = 12 0 : 10 0. ,11 0. 14 0. 15 
July 10 0, .05 0 .04 0 .04 0 .04 0, .03 0. ,05 0. 05 
July 16-17 0, .53 0 .51 0 .59 0 .50 0, .52 0. 53 0. 52 
July 25 0, .35 0 ,37 0 .35 0 .34 0, .31 0. ,32 0. 36 
July 26 0, .03 0 .00 0 .00 TR. 0, .00 0. ,02 0. 03 
July 30 0, .26 0 .28 0 .27 0 .25 0, ,27 0. ,30 0. 29 
Aug. 4 0 ,11 0 .10 0 .11 0 .10 0 .10 0. ,11 0. ,12 
Aug. 6 1 .70 1 .51 1 .75 1 .77 1, .61 1. ,50 1. ,56 
Aug. 8 1 .12 1 .04 1 .30 1 .22 1 .08 1, .01 1. ,08 
Aug. IS 0 .17 0 .13. 0 .17 0 .11 0 .16 0. 16 0. ,16 
Aug. 20 0 .63 0 .65^  0 .68 0 .63 0 .66 0. 66 0. ,65 
Aug. 31 1 .56 1 .46 1 .74 1 .53 1 .51 1, .47 1. ,60 
Sept. 5 0 .52 0 .50 0 .53 0 .50 0 .50 0, .51 0. ,50 
Sept. 10 0 .25 0 .21 0 .25 0 .25 0 .22 0, .24 0. ,26 
Sept. 22 0 .30 0 .37 0 .19 0 .18 0 .19 0, .34 0. ,34 
*Trace. 
E^stimated data. 
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Table 135. (Continued) 
Storm dates SE 
Location 
NW SW NE 
8 Inch Gages 
Center 
Center 
At 
8 inch 
Gage 
level 
At 
Ground 
level 
3 Inch Gages 
Oct. 1 
Oct. 10 
Oct. 12 
TOTALS 
All storms 
5/29-10/12 
0.09 
1.13 
0.14 
0.11 
0.12 
0.05 
1.10 
0.12 
0.05 
0.81 
18.19 17.65 20.99 18.61 
13.98 13.37 16.18 14.56 
0.12 0.13 
0.03 0.11 
0.78 0.82 
17.75 
13.93 14.25 
0.13 
0.13 
0.88 
14.69 
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Table 136. Rainfall (Inches) on Gingles Watersheds During 1970 Crop Year 
Location 
Center 
At At 
8 inch Ground 
Storm dates SE NW SW NE Center Gage level 
level 
8 Inch Gages 3 Inch Gages 
April 22 0.25 0.27 0.36 0.29 0.31 
May 1 0.60 0.51 0.74 0.58 0.42 
May 12 0.71 0.66 0.77 0.67 0.50 
May 13 1.12 0.95 1.32 1.14 1.11 
May 29 0.32 0.30 0.35 0.32 0.34 0.35 0.33 
May 30-31 1.41 1.27 1.44 1.36 1.18 1.24 1.18 
June 10 0.19 0.19 0.21 0.19 0.18 0.19 0.19 
June 10 0.17 0.15 0.19 0.18 0.17 0.18 0.19 
June 11-12 0.99 1.02 1.11 0.98 1.01 1.06 1.00 
June 12 0.10 0.11 0.10 0.09 0.10 0.12 0.14 
June 14 0.02 TR.a TR. TR. TR, 0.02 0.03 
June 16 0.26 0.24 0.29 0.26 0.24 0.24 0.25 
June 17 TR. TR. TR. TR. TR. TR. TR. 
June 20 0.25 0.23 0.27 0.25 0.22 0.25 0.22 
July 1 TR. TR. TR. TR. TR, TR, TR. 
July 2 TR. TR. TR. TR. TR. TR. TR. 
July 11 0.03 0.03 TR. TR. TR. 0.09 0.11 
July 13 0.20 0.20 0.20 0.19 0.18 0.18 0.19 
July 15 0.04 0.04 0.04 0.04 0.04 " - - -
July 18 0.12 0.14 0.15 0.12 0.13 0.16 0.21 
July IS 0.43 0.36 0:43 0,41 0.34 0.39 0.37 
July 26 0.23 0.21 0.16 0.16 0.16 0.22 0.23 
July 29 0.05 0,05 0.04 0.04 0.04 0.05 0.06 
July 31 0.34 0.33 0.37 0.35 0.31 0.33 0.32 
Aug. 2 0.28 0.30 0.33 0.29 0.30 0.31 0.31 
Aug. 4 0.15 0.14 0.16 0.15 0.15 0.16 0.16 
Aug. 8 0.03 0.03 TR. TR. TR. TR. TR. 
Aug. 21 0.32 0.32 0.24 0.21 0.24 0.30^  0.32 
Sept. 2 0.63 0.67 0.68 0.63 0.62 0.64 0.65 
Sept. 9 0.20 0J_9 0.17 0 = 17 0 J4 0.21 0.22 
Sept. 13-14 0.85 0.90 1.02 0.89 0.93 0.92 0.95 
Sept. 14-15 1.42 1.32 1.52 1.37 1.29 1.30 1.28 
Sept. 16 0.35 0.37 0.39 0.35 0.37 0.38 0.44 
T^race. 
E^stimated data. 
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Table 136. (Continued) 
Location 
Center 
At At 
8 inch Ground 
Storm dates SE NW SW NE Center Gage level 
level 
8 Inch Gages 3 Inch Gages 
Sept. 21 0.14 0.09 0.11 0.12 0.11 0.11 0.12 
Sept. 23 0.61 0.65 0.82 0.65 0.70 0.68 0.75 
Sept. 25 0.31 0.29 0.33 0.30 0.28 0.28 0.31 
Oct. 7-8 1.61 1.47 2.00 1.72 1.49 1.79 1.70 
TOTALS 
All storms 14.73 14.00 16.31 14,47 13.60 
5/29-10/8 12.05 11.61 13.12 11.79 11.26 11.85 12.23 
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b, Treynor Watersheds (Area B) 
Table 137. 1968 Monthly Water Yield Summary of (USDA-ARS) Watersheds, 
Treynor, Iowa 
Precip., Runoff, Inches Precip., Runoff, Inches 
Month Inches^  Base Surface Total Inches Base Surface Total 
W-1 W-2 
January 0.34 0.15 0.05 0.20 0.34 0.22 0.04 0.26 
February 0.10 0.12 0.00 0.12 0.10 0.20 0.00 0.20 
March 0.37 0.14 0.00 0.14 0.37 0.20 0.00 0.20 
April 3.37 0.12 0.02 0.14 3.35 0.19 0.02 0.21 
May 3.64 0.15 0.04 0.19 3.54 0.15 0.04 0.19 
June 3.02 0.14 0.26 0.40 3.15 0.15 0.33 0.48 
July 3.88 0.11 0.05 0.16 3.84 0.10 0.04 0.14 
August 4.34 0.08 0.12 0.20 4.58 0.07 0.10 0.17 
September 3.55 0.09 0.03 0.12 3.60 0.07 0.04 0.11 
October 6.95 0.16 0.49 0.65 6.88 0.16 0.48 0.64 
November 1.12 0.21 0.01 0.22 1.13 0.15 0.01 0.16 
December 1.62 0.20 0.08 0.28 1.62 0.16 0.03 0.19 
TOTAL 32.30 1.67 1.15 2.82 32.50 1.82 1.13 2.95 
W-•3 W-4 
January 0.30 0.21 0.02 0.23 0.29 0.38 0.00 0.38 
February 0.10 0.15 0.00 0.15 0.10 0.34 0.00 0.34 
March 0.27 0.14 0.00 0.14 0.27 0.31 0.00 0.31 
April 3.78 0.13 0.01 0.14 3.86 0.30 0.01 0.31 
May 3.51 0.12 0.01 0.13 3.49 0.36 0.00 0.36 
June 3.18 0.10 0.06 0.16 3.32 0.33 0.05 0.38 
July 3.37 0.07 0.04 0.11 3.45 0.35 0.00 0.35 
August 3.70 0.05 0.05 0.10 3.86 0.26 0.01 0.27 
September 3.64 0.05 0.04 0.09 3.96 0.21 0.01 0.22 
October 0.57 0.14 0.65 0.79 6.92 0.36 0.03 0.39 
November 0.92 0.19 0.01 0.20 1.09 0.51 0.00 0.51 
December 1.66 0.24 0.13 0.37 1.57 0.52 0.01 0.53 
TOTAL 31.10 1.59 1.02 2.61 32.18 4.23 0.12 4.35 
T^hiessen weighted average. 
Table 138. Annual Water Yield Summary of (USDA-ARS) Watersheds near 
Treynor, Iowa 
Runoff Volume °L of Total 
Precip. Base Surface Total Base Surface 
Inches Inches 
1968 
W-1 32.30 1.67 1.15 2.82 59 41 
W-2 32.50 1.82 1.13 2.95 62 38 
W-3 31.10 1.59 1.02 2.61 61 39 
W-4 32.18 4.23 0.12 4.35 97 3 
1964 to 1968 Averages 
W-1 34.46 2.52 5.35 7.87 32 68 
W-2 33.83 2,51 5.05 7,56 33 67 
W-3 33.25 2.87 1.84 4.71 61 39 
W-4 33.62 6.77 0.91 7.68 88 12 
A^djusted total runoff = (total runoff/precipitation) x precipitation 
on Watershed 1. 
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y, of Precipitation 7„ of W-1, Adj. Total % of W-1, 
Base Surface Total Total Runoff Vol. Adj. Total 
Runoff Inches^  Runoff 
5 4 9 100 2.82 100 
5 4 9 105 2.93 104 
5 3 8 93 2.71 96 
13 1 14 154 4.37 155 
7 16 23 100 7.87 100 
7 15 22 96 7.70 98 
8 6 14 60 4.88 62 
20 3 23 98 7.87 100 
286 
Table 139. 1969 Monthly Water Yield Summary of (USDA-ARS) Watersheds near 
Treynor, Iowa 
Precip,, Runoff, Inches Precip., Runoff, Inches 
Month Inches^  Base Surface Total Inches Base Surface Total 
W-1 W-2 
January 0.65 0.18 0.38 0.56 0.65 0.16 0.39 0.55 
February 0.86 0.18 1.07 1.25 0.86 0.16 1.09 1.25 
March 0.90 0.26 0.31 0.57 0.90 0.24 0.22 0.46 
April 4.94 0.38 0.16 0.54 4.91 0.27 0.06 0.33 
May 3.74 0.35 0.03 0.38 4.02 0.28 0.04 0.32 
June 4.35 0,27 0.07 0.34 4.27 0.26 0.10 0.36 
July 5.10 0.33 0.25 0.58 4.87 0.28 0.20 0.48 
August 4.06 0.30 0.21 0.51 4.04 0.26 0.19 0.45 
September 1.37 0.25 0.02 0.27 1.53 0.28 0.03 0.31 
October 4.17 0.25 0.03 0.28 4.21 0.28 0.03 0.31 
November 0.07 0.24 0.00 0.24 0.07 0.26 0.00 0.26 
December 1.21 0.19 0.00 0.19 1.21 0.24 0.00 0.24 
TOTAL 31.42 3.18 2.53 5.71 31.54 2.97 2.35 5.32 
W-•3 W-4 
January 0.63 0.26 0.33 0.59 0.60 0.40 0.04 0.44 
February 0.86 0.23 0.78 1.01 0.85 0.37 0.08 0.45 
March 0.78 0.34 0.22 0.56 0.73 0.54 0.03 0.57 
April 4.50 0.36 0.01 0.37 4.57 0.70 0.03 0.73 
May 3.94 0.45 0.04 0.49 3.90 0.79 0.01 0.80 
June 3.44 0.34 0.01 0.35 3.47 0.64 0.01 0.65 
July 5 = 03 0.30 0 = 17 0.47 4 = 91 0=66 0.02 0=68 
August 4.93 0.27 0.16 Û.43 5.0Û 0.61 0.04 0.65 
September 1.12 0.22 0.00 0.22 1.21 0.43 0.00 0.43 
October 4.10 0.18 0.01 0.19 4.29 0.35 0.01 0.36 
November 0.09 0.18 0.00 0.18 0.09 0.31 0.00 0.31 
December 1.22 0.16 0.00 0.15 1.08 0.32 0.00 0.32 
TOTAL 30.64 3.29 1.73 5.02 30.70 6.12 0.27 6.39 
'Thiessen weighted average. 
Table 140. Annual Water Yield Summary of Treynor, Iowa Watersheds (USDA-
ARS) 
Runoff Volume % of Total 
Precip. Base Surface Total Base Surface 
Inches Inches 
1969 
W-1 31.42 3.18 2.53 5.71 56 44 
W-2 31.54 2.97 2.35 5.32 56 44 
W-3 30.64 3.29 1.73 5.02 66 34 
W-4 30.70 6.12 0.27 6.39 96 4 
1964 to 1969 Averages 
W-1 33.96 2.63 4.88 7.51 35 65 
W-2 33.44 2.59 4.59 7.18 36 64 
W-3 32.80 2.94 1.82 4.76 62 38 
W-4 33.12 6.65 0.81 7.46 89 11 
A^djusted total runoff = (total runoff/precipitation) x precipitation 
on Watershed 1. 
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% of Precipitation % of W-1, Adj. Total °L of W-1, 
Base Surface Total Total Runoff Vol. Adj. Total 
Runoff Inches^  Runoff 
10 8 18 100 5.71 100 
9 8 17 93 5.31 93 
11 6 17 88 5.15 90 
20 I 21 112 6.53 114 
8 14 22 100 7.51 100 
8 14 22 96 7,30 97 
9 6 15 63 4.92 66 
20 2 22 99 7.64 102 
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Table 141. 1970 Monthly Water Yield Summary of (USDA-ARS) Watersheds near 
Treynor, Iowa 
Precip., Runoff, Inches Precip., Runoff, Inches 
Month Inches Base Surface Total Inches Base Surface Total 
W-1 W-2 
January 0.02 0.18 0.37 0.55 0.02 0.24 0.30 0.54 
February 0.21 0.24 0.01 0.25 0.21 0.23 0.01 0.24 
March 0.82 0.18 0.03 0.21 0.82 0.24 0.03 0.27 
April 3.57 0.20 0.03 0.23 3.58 0.20 0.03 0.23 
May 3.18 0.24 0.55 0.79 2.90 0.20 0.49 0.69 
June 2.35 0.19 0.01 0.20 2.33 0.15 0.01 0,16 
July 5.44 0.15 0.06 0.21 5.46 0.14 0.05 0.19 
August 5.11 0.15 1.00 1.15 4.77 0.14 0.75 0.89 
September 4.53 0.11 0.03 0.14 4.54 0.14 0.04 0.18 
October 4.36 0.18 0.03 0.21 4.29 0.20 0.06 0.26 
November 1.39 0.22 0.02 0.24 1.37 0.23 0.02 0.25 
December 0.53 0.17 0.00 0.17 0.53 0.24 0.00 0.24 
TOTAL 31.51 2.21 2.14 4.35 30.82 2.35 1.79 4.14 
W-3 W-4 
January 0.02 0.17 0.11 0.28 0.02 0.35 0.04 0.39 
February 0.30 0.29 0.00 0.29 0.26 0.41 0.00 0.41 
March 0.86 0.23 0.01 0.24 0.82 0.42 0.00 0.42 
April 3.44 0.27 0.01 0.28 3.42 0.36 0.01 0.37 
May 2.76 0.27 0.04 0.31 2,65 0.37 0.02 0.39 
June 2.12 0.17 0.01 0.18 2.11 0.42 0.00 0.42 
July 4.74 0.08 0.02 0J_0 4.62 0=30 0.02 0.-32 
August 4.02 0.08 0.07 0.15 4.15 0.25 0.01 0.26 
September 4.54 0.08 0.03 0.11 4.44 0.18 0.01 0.19 
October 4.12 0.22 0.04 0.26 4.43 0.25 0.01 0.26 
November 1.40 0.17 0.03 0.20 1.36 0.32 0.01 0.33 
December 0.54 0.16 0.00 0.16 0.51 0.35 0,00 0.36 
TOTAL 28.86 2.19 0.37 2.56 28.79 3.99 0.13 4.12 
Table 142. Annual Water Yield Summary of Treynor, Iowa Watersheds (USDA-
ARS) 
Runoff Volume % of Total 
Precip. Base Surface Total Base Surface 
Inches Inches 
1970 
W-1 31.51 2.21 2.15 4.35 51 49 
W-2 30.82 2.35 1.78 4.14 57 43 
W-3 28.86 2.19 0.37 2.56 86 14 
W-4 28.79 3.98 0.13 4.12 97 3 
1964 to 1970 Averages 
W-1 33.54 2.48 4.75 7.23 34 66 
W-2 33,21 2,45 4,47 6.92 35 65 
W-3 32.09 2.84 1.60 4.44 64 36 
W-4 32.54 6.25 0.68 6.93 90 10 
A^djusted total runoff = (total runoff/precipitation) x precipitation 
on Watershed 1, 
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°/o of Precipitation % of W-1, Adj. Total % of W-1, 
Base Surface Total Total Runoff Vol. Adj. Total 
Runoff Inches^  Runoff 
7 7 14 100 4.35 100 
8 6 14 95 4.23 97 
8 1 9 59 2.79 64 
14 1 15 95 4.51 104 
7 14 21 100 7.23 100 
7 14 21 96 6.99 97 
9 5 14 61 4.64 64 
19 2 21 96 7.14 99 
Soil moisture 
a. Area A 
Table 143. Actual Soil Moisture in Inches at Different Depths at Gingles Watersheds, 1968-1970 
W.S. Date Site Depth in feet Total 
# Mo./day/yr # 1 2 3456 7 89 5' 
4/25/68 
5/29/68 
6/7/68 
6/12/68 
6/19/68 
IR 3.47 2.69 2.14 2.20 2.09 12.59 
2R 3.61 2.48 1.72 1.44 2.04 11.29 
3R 2.59 2.46 1.56 1.62 1.83 10.06 
IL 3.95 3.18 2.37 2.40 2.12 14.02 
2L 3.48 1.88 1.53 1.92 2.24 11.05 
3L 2.89 2.70 1.72 1.40 1.67 10.38 
IR 2.83 3.24 2.34 2.18 2.12 12.71 
2R 2.83 2.74 2.22 1.46 2.07 11.32 
3R 2.37 2.57 2.46 2.31 1.90 11.61 
IL 3,35 3.29 2.54 2.38 2.14 13.70 
2L 3.24 2.57 1.59 1.86 2.18 11.44 
3L 2.61 2.85 2.43 1.44 1.77 11.10 
IR 2.54 2.74 2.31 2.18 2.07 11.84 
2R 2.61 2.64 2.33 1.44 2.04 11.06 
3R 2.01 2.31 2.43 2.28 1.88 10.91 
IL 2.72 2.69 2.51 2.22 2.12 12.26 
2L 3.00 2.33 1.54 1.88 2.25 11.00 
3L 2.22 2.57 2.56 1.43 1.73 10.51 
IR 2.46 2.56 2.18 2.20 2.09 11.49 
2R 2.72 2.54 2.22 1.78 2.11 11.37 
3R 2.25 2.50 2.59 2.07 2.01 11.42 
IL 2.50 3.00 2.24 2.09 2.09 11.92 
2L 2.96 2.48 1.72 1.86 2.25 11.27 
3L 2.53 2.61 2.87 1.49 1.67 11.17 
IR 2.11 2.83 2.28 2.25 2.07 11.54 
2R 2.44 2.57 2.74 1.46 2.15 11.36 
3R 2.04 2.50 2.59 1.83 1.83 10.79 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo./day/yr # 1 2 3456789 5' 
7/5/68 
7/16/68 
8/1/68 
8/6/68 
8/16/68 
IL 2.76 3.21 2.30 2.43 2.15 12.85 
2L 2.87 2.44 1.80 1.98 2.20 11.29 
3L 2.20 2.48 2.85 1.70 1.70 10.93 
IR 2.72 3.03 2.63 2.28 2.12 12.78 
2R 2.56 3.77 2.50 1.47 1.95 12.25 
3R 2.87 3.99 3.93 2.01 1.70 14.50 
IL 2.87 3.35 2.44 2.48 2.22 13.36 
2L 2.67 3.86 3.48 3.19 1.53 14.73 
3L 2.90 4.10 2.82 1.98 1.56 13.36 
IR 2.51 2.74 2.41 2.14 2.30 12.10 
2R 2.04 2.92 3.02 2.48 1.56 12.02 
3R 2.20 3.08 2.85 1.95 1.56 11.64 
IL 2.93 3.08 3.03 2.53 2.17 13.74 
2L 2.77 3.55 2.61 2.48 1.78 13.19 
3L 2.14 2.72 2.54 1.77 1.56 10.73 
IR 2.11 2.40 2.59 2.18 2.05 11.33 
2R 1.75 2.15 1.95 1.49 1.82 9.16 
3R 1.95 2.64 3.44 2.02 1.60 11.65 
IL 2.72 2.77 3.22 2.41 2.14 13.26 
2L 3.15 3.39 2.90 2.74 2.25 14.43 
3L 1.96 1.49 1.57 1.90 1.47 8.39 
IR 2.18 2.37 2.17 2.05 2.05 10.82 
2R 1.88 1.34 2.07 1.90 1.90 9.09 
3R 2.05 2.2:2 3.06 2.05 1.56 10.94 
IL 2.70 2.61 2.95 2.30 2.04 12.60 
2L 2.92 3.32 2.90 2.69 2.05 13.88 
3L 2.34 1.41 1.44 1.72 1.47 8.38 
IR 1.85 2.17 2.30 1.98 1.78 10.08 
2R 1.69 1.67 1.80 1.38 1.77 8.31 
3R 1.85 2.11 3.08 2.15 1.56 10.75 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo./day/yr # 1 2 34 5 6 7 8 9 5' 
8/21/68 
4/17/68 
5/29/68 
6/7/68 
6/12/68 
IL 2.61 2.44 2.64 2.25 1.96 11.90 
2L 2.56 3.24 2.83 2.61 1.96 13.20 
3L 2.20 1.46 1.33 1.51 1.59 8.09 
IR 1.72 2.09 2.24 1.86 1.70 9.61 
2R 1.60 1.51 1.69 1.28 1.66 7.74 
3R 1.72 2.02 2.79 2.05 1.40 9.98 
IL 2.46 2.30 2.54 2.09 1.85 11.24 
2L 2.38 2.76 2.69 2.38 1.78 11.99 
3L 2.05 1.38 1.23 1.40 1.44 7.50 
IR 3.37 3.50 3.13 2.85 3.06 3.28 3.42 3.03 3.45 15.91 
2R 2.87 2.25 1.75 1.60 1.72 2.24 2.57 2.56 3.05 10.19 
3R 2.28 2.37 1.43 1.34 1.70 2.17 2.43 2.28 2.50 9.12 
IL 3.34 3.64 3.63 2.57 2.41 3.08 2.51 2.83 3.13 14.59 
2L 3.13 1.47 1.36 1.38 1.85 1.85 2.14 2.37 2.54 9.19 
3L 2„ 28 1.90 1.54 1.36 1.47 1.86 2.14 2.22 2.30 8.55 
IR 3.,22 4.36 3.11 2.76 2.95 3.21 3.29 2.98 3.31 16.40 
2R 2.25 3.55 2.48 2.05 2.50 2.20 2.51 2.30 2.50 12.83 
3R 2.77 2.74 2.28 1.33 1.75 2.20 2.51 2.30 2.50 10.87 
IL 3.52 4.02 3.18 2.54 2.40 2.90 2.44 2.76 3.02 15.66 
2L 3.35 2.69 1.54 1.36 1.90 1.85 2.14 2.37 2.56 10.84 
3L 2.67 2.63 2.40 1.34 1.51 1.88 2.25 2.28 2.33 10.55 
IR 3.00 4.02 3.13 2.80 2.96 3.15 3.31 3.03 3.39 15.91 
2R 2.82 3.45 2.57 2.01 2.46 2.15 2.50 2.37 2.46 13.31 
3R 2.41 2.54 2.28 1.31 1.73 2.15 2.50 2.37 2.46 10.27 
IL 3.00 3.84 3.32 2.63 2.38 3.02 2.50 2.85 3.03 15.17 
2L 2.87 2.61 1.88 1.40 1.85 1.90 2.12 2.30 2.50 10.61 
3L 2.34 2.43 2.48 1.43 1.53 1.95 2.22 2.31 2.28 10.21 
IR 3.02 4.21 3.11 2.80 3.00 3.18 3.34 2.90 3.34 16.14 
2R 2.90 3.52 2.61 1.98 2.50 2.46 2.33 2.48 2.50 13.51 
3R 2.40 2.59 2.24 1.40 1.73 2.17 2.46 2.33 2.48 10.36 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo./day/yr 
Site 
6/19/68 
7/4/68 
7/9/68 
7/16/68 
8/1/68 
Depth in feel: Total 
5' 
IL 3.55 2.95 3.32 2.50 2.46 2.90 2.46 2.93 3.05 15.78 
2L 2.95 2.51 1.95 1.31 1.80 1.93 2.15 2.25 2.44 10.52 
3L 2.54 2.51 2.51 1.43 1.64 1.99 2.31 2.31 2.31 10.63 
IR 2.72 3.99 3.26 3.19 2.90 3.31 3.21 2.95 3.44 16.06 
2R 2.70 3.37 2.67 2.37 2,46 2.50 2.33 2.46 2.50 13.57 
3R 2.41 2.54 2.57 1.43 1.64 1.99 2.20 2.34 2.41 10.59 
IL 3.03 3.79 3.63 2.51 2.44 2.96 2.44 2.76 3.08 15.40 
2L 2.87 2.43 2.09 1.33 1.83 1.83 2.07 2.30 2.41 10.55 
3L 2.05 2.66 2.15 1.56 1.72 2.22 2.41 2.25 2.44 10.16 
IR 3.34 4.28 3.67 3.28 2.87 3.34 3.28 2.98 3.42 17.44 
2R 2.34 3.95 3.29 3.06 2.82 2.87 2.98 3.20 3.28 15.46 
3R 3.13 2.93 3.08 1.80 1.62 2.07 2.38 2.38 2.37 12.56 
IL 3.74 4.00 3.93 2.61 2.51 2.70 2.50 2.80 3.03 16.79 
2L 3.54 2.87 2.50 1.46 1.88 1.90 2.07 2.38 2.51 12.25 
3L 2.74 3.16 2.48 1.80 1.62 2.04 2.37 2.33 2.44 11.80 
IR 3.06 4.19 3.03 3.18 2.79 3.32 3.26 3.02 3.45 16.25 
2R 2.38 3.03 2.72 2.53 2.28 2.72 2.72 2.63 2.79 12.94 
3R 2.72 2.72 2.63 1.41 1.47 2.38 2.27 2.34 2.43 10.95 
IL 3.35 3.84 3.80 2.41 2.40 2.89 2.48 2.77 3.02 15.80 
2L 3.02 2.41 2.15 1.41 1.75 1.86 2.05 2.40 2.50 10.74 
3L 2.44 2.74 2.25 1.78 1.49 2.17 2.38 2.38 2.43 10.70 
IR 2.98 3.99 3.29 3.22 2.98 3.19 3.22 2.95 3.35 16.46 
2R 2.61 3.11 2.92 2.79 2.31 2.31 2.38 2.33 2.64 13.74 
3R 2.82 2.64 2.28 1.69 2.15 2.20 2.31 2.38 2.33 11.58 
IL 3.13 3.34 3.64 2.63 2.48 2.83 2.43 2.82 3.00 15.22 
2L 2.95 2.38 2.05 1.67 1.73 1.85 2.09 2.33 2.38 10.78 
3L 2.54 2.15 2.33 1.82 1.64 2.05 2.31 2.33 2.38 10.48 
IR 3.21 3.34 3.86 3.48 2.92 3.15 3.15 2.77 3.26 16.81 
2R 2.46 2.85 2.67 2.41 2.24 2.34 2.33 2.77 2.92 12.63 
3R 2.04 1.60 1.43 1.72 1.98 2.09 2.34 2.33 2.25 8.77 
Table 143. (Continued) 
W.S. 
# 
Date Site 
Mo./day/yr 
8/6/68 
8/16/68 
4/25/68 
5/29/68 
6/5/68 
Depth in feet Total 
# 1 2; 3 4 5 6 7 8 9 5' 
IL 3.67 2.93 3.69 3.15 2.38 2.76 2.30 2.87 2.96 15.82 
2L 3.24 1.85 2.01 1.99 2.05 1.70 2.30 2.31 2.25 11.14 
3L 2.69 1.70 2.09 1.96 1.88 1.88 2.12 2.22 2.22 10.32 
IR 3.03 3.67 3.67 3.54 2.90 3.03 3.02 2.87 3.02 16.81 
2R 1.73 2.41 2.05 2.31 2.25 2.20 2.14 2.31 2.31 10.75 
3R 1.90 1.57 1.31 1.49 1.64 2.04 2.05 2.20 2.14 7.91 
IL 3.19 2.70 3.21 2.95 2.25 2.66 2.05 2.69 2.87 14.30 
2L 2.44 1.73 1.70 1.80 1.93 2.05 1.83 2.11 2.25 9.60 
3L 2.17 1.41 1.88 1.72 1.72 1.66 1.85 1.96 1.93 8.90 
IR 2.33 3.60 3.44 3.00 2.72 3.05 2.95 2.70 2.90 15.09 
2R 2.15 2.28 1.73 2.15 2.61 2.72 2.70 2.71 2.92 10.92 
3R 1.41 1.40 1.14 1.21 1.53 1.92 2.04 1.99 2.09 6.69 
IL 2.77 2.64 2.85 2.57 2.09 2.57 2.04 2.56 2.82 12.92 
2L 1.70 1.33 1.33 1.33 1.73 1.82 1.99 2.09 2.17 7.42 
3L 1.73 1.36 1.56 1.21 1.17 1.31 1.47 1.77 1.60 7.03 
IR 3.67 3.73 2.34 2.46 2.72 14.92 
2R 3.15 3.16 1.78 2.09 2.15 12.33 
3R 2.24 1.80 1.36 1.46 1.53 8.39 
IL 3.09 3.77 3.03 1.86 1.84 13.60 
2L 3.71 2,79 1.83 2.24 2.30 12.87 
3L 2.87 1,77 1.66 1.56 1.57 9.43 
IR 3.09 3 , 29 2.34 2.53 2.79 14.04 
2R 2.96 2,41 1.92 2.12 2.25 11.66 
3R 2.15 1.75 1.46 1.41 1.53 8.30 
IL 2.74 3, 26 3.28 1.75 1.82 12.85 
2L 2.51 2,61 2.20 2.14 2.09 11.55 
3L 2.74 1,72 1.77 1.51 1.57 9.31 
IR 2.09 3.02 2.33 2.44 2.69 12.57 
2R 1.54 2.20 2.05 2.04 2.12 9.95 
3R 1 . 5 7  1.77 1.36 1.53 1.46 7.69 
Table 143. (Continued) 
W.S. Date Site 
# 
Depth in feet Total 
5' # Mo./day/yr 1 7. 3 4 5 6 7 { î 9 
IL 2.14 2.77 3.19 1.83 1.77 11.70 
2L 1.99 2.02 1.95 2.22 2.17 10.35 
3L 1.41 1.43 1.75 1.54 1.57 7.70 
6/13/68 IR 2.02 2.87 2.22 2.37 2.66 12.14 
2R 1.43 2.17 1.95 1.99 2.09 9.63 
3R 1.51 1.73 1.33 1.43 1.51 7.51 
IL 2.04 2.64 3.03 1.78 1.72 11.21 
2L 1.92 1.92 1.90 2.18 2.12 10.04 
3L 1.40 1.28 1.70 1.49 1.54 7.41 
6/18/68 IR 1.36 2.24 3.03 1.90 1.93 10.46 
2R 1.83 1.73 1.93 2.05 2.14 9.68 
3R 1.17 1.67 1.33 1.53 1.54 7.24 
IL 1.77 2.53 2.44 2.59 2.37 11.70 
2L 1.60 1.64 1.86 2.09 2.14 9.33 
3L 1.07 2.15 1.60 1.51 1.60 7.93 
7/3/68 IR 2.80 2.44 2.80 1.83 1.95 11.82 
2R 2.92 2.87 1.80 2.02 2.05 11.66 
3R 2.93 2.61 2.41 1.54 1.46 10.95 
IL 3.19 3.34 2.12 2.30 2.61 13.56 
2L 2.80 2.85 1.72 1.92 1.99 11.28 
3L 2.69 2.89 1.49 1.46 1.49 10.02 
7/10/68 IR 2.37 2.54 2.09 2.54 11.98 
2R 2.66 2.46 1.69 1.90 2.07 10.78 
3R 2.63 2.18 2.14 1.40 1.51 9.86 
IL 2.80 2.77 2.04 2.12 2.25 11.98 
2L 2.41 2.46 1.67 1.86 2.05 10.45 
3L 2.57 2.48 1.33 1.40 1.44 9.72 
7/16/68 IR 2.31 2.25 2.40 2.24 2.67 11.87 
2R 2.37 2.17 1.77 1.86 1.95 10.12 
3R 2.14 1.95 1.75 1.53 1.54 8.91 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 123456 7 89 5' 
7/31/68 
8/7/68 
8/15/68 
8/19/68 
4/24/68 
IL 2.44 2.50 1.98 1.96 2.05 10.93 
2L 2.34 2.07 1.75 1.96 1.88 10.00 
3L 2.17 2.25 1.40 1.46 1.41 8.96 
IR 1.82 2.04 2.05 2.37 2.54 10.82 
2R 1.82 1.72 1.64 1.82 1.73 8.73 
3R 1.30 1.69 1.31 1.41 1.47 7.18 
IL 1.69 1.70 2.15 1.73 1.75 9.02 
2L 2.12 1.70 1.67 1.83 1.80 9.12 
3L 1.64 1.28 1.62 1.41 1.41 7.36 
IR 2.02 1.46 1.96 2.15 2.04 9.63 
2R 2.27 2.70 2.14 2.25 2.09 11.45 
3R 1.88 1.73 1.72 1.78 1.64 8.75 
IL 1.92 1.64 1.73 1.95 1.72 8.96 
2L 1.73 2.41 2.38 1.90 2.07 10.49 
3L 2.34 1.40 1.64 2.02 2.04 9.44 
IR 1.95 1.40 1.88 2.04 1.95 9.22 
2R 2.15 2.54 2.04 2.14 2.02 10.89 
3R 1.77 1.66 1.73 1.73 1.54 8.43 
IL 1.82 1.57 1.54 1.90 1.62 8.45 
2L 1.67 2.31 2.22 1.77 1.98 9.95 
3L 2.25 1.34 1.57 1.90 1.98 9.03 
IR 1.86 1.33 1.75 2.11 1.98 9.03 
2R 2.12 2.40 1.93 2.04 1.83 10.32 
3R 1.67 1.62 1.49 1.62 1.44 7.84 
IL 1.73 1.53 1.44 1.82 1.54 8.06 
2L 1.53 2.14 2.07 1.64 1.90 9.28 
3L 2.05 1.27 1.47 1.73 1.95 8.47 
IR 3.00 2.56 1.43 1.73 1.96 10.68 
2R 2.61 3.31 1.57 1.92 2.46 11.87 
3R 3.15 2.24 1.33 1.36 1.57 9.65 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
5/30/68 
6/5/68 
6/13/68 
6/18/68 
7/3/68 
Site 
# 
Depth in feet Total 
5' 
IL 1.80 1.78 1.86 1.60 1.80 7.84 
2L 3.29 2.40 1.59 1.83 2.12 11.23 
3L 2.46 2.76 1.30 1.40 1.75 9.67 
IR 2.90 2.96 1.54 1.86 2.02 11.28 
2R 2.25 3.55 2.48 2.05 2.50 12.83 
3R 2.92 2.83 1.98 1.56 1.62 10.91 
IL 3.02 3.86 2.22 1.83 1.98 12.91 
2L 2.64 2.64 2.44 1.69 2.07 11.48 
3L 2.18 3.00 1.93 1.57 1.80 10.48 
IR 2.67 3.03 2.30 1.60 1.93 11.53 
2R 1.82 3.45 2.57 2.01 2.46 12.31 
3R 2.74 2.67 2.11 1.40 1.66 10.58 
IL 2.48 2.93 1.56 1.88 2.14 10.99 
2L 2.48 2.59 2.34 1.86 2.17 11.44 
3L 1.66 2.59 2.24 1.54 1.88 9.91 
IR 2.79 3.22 2.05 1.59 1.99 11.64 
2R 1.90 3.52 2.61 1.98 2.50 12.51 
3R 2.80 2.74 1.96 1.47 1.62 10.59 
IL 2.56 2.87 1.41 1.73 1.80 10.37 
2L 2.48 2.69 2.22 1.93 2.14 11.46 
3L 1.75 2.28 2.02 1.49 1.85 9.39 
IR 2.43 2.79 1.77 1.86 2.12 10.97 
2R 1.70 3.37 2.67 2.37 2.46 12.57 
3R 2.64 2.69 2.31 1.47 1.67 10.78 
IL 2.48 3.19 2.63 1.59 1.69 11.58 
2L 2.28 2.48 2.38 1.93 2.18 11.25 
3L 2.24 2.59 2.37 1.54 1.92 10.66 
IR 3.00 3.13 2.87 2.04 2.15 13.19 
2R 1.34 3,95 3.29 3.06 2.82 14.46 
3R 2.83 3.34 2.90 2.22 1.66 12.95 
Table 143. (Continued) 
W.S. Date 
Ito/day/yr 
7/10/68 
7/17/68 
7/31/68 
8/7/68 
8/14/68 
Site 
# 
Depth in feet Total 
5' 
IL 3.32 3.48 3.19 2.38 2.54 14.91 
2L 2.38 3,.09 2.96 2.67 2.28 13.38 
3L 2.54 3.03 2.93 2.72 1.86 13.08 
IR 2.92 3.13 2.50 2.30 2.31 13.16 
2R 2.38 3,.03 2.72 2.53 2.28 12.94 
3R 2.02 2JÎ5 2.54 2.46 1.77 11.64 
IL 2.87 3.03 2.77 1.85 1.90 12.42 
2L 1.77 3,.67 3.05 2.76 2.70 13.95 
3L 2.61 3.26 2.70 2.02 1.73 12.32 
IR 2.67 2.74 2.20 2.41 2.38 12.40 
2R 2.61 3,11 2.92 2.79 2.31 13.74 
3R 2.56 2.67 2.31 2.34 1.85 11.73 
IL 2.46 2.69 2.44 2.05 2.05 11.69 
2L 2.27 3.08 2.69 2.44 2.44 12.92 
3L 2.74 2.43 2.48 2.27 2.31 12.23 
IR 2.11 1.64 1.83 2.51 2.18 10.27 
2R 2.46 2.85 2.67 2.41 2.24 12.63 
3R 2.05 1.96 1.92 2.04 1.73 9.70 
IL 2.20 1.72 1.85 2.02 1.86 9.65 
2L 1.90 2.77 2.54 2.02 2.15 11.38 
3L 2.63 1.56 1.77 2.17 2.14 10.27 
IR 2.12 1.70 1.72 2.05 2.09 9.68 
2R 1.73 2.41 2.05 2.31 2.25 10.75 
3R 1.92 1.73 1.73 1.69 1.80 8.87 
IL 1.99 1.72 1.73 1.80 1.90 9.14 
2L 2.07 2.43 2.07 2.07 2.11 10.75 
3L 2.12 1.54 1.66 1.92 2.04 9.28 
IR 2.54 1.62 1.64 1.99 2.04 9.83 
2R 1.15 2.28 1.73 2.15 2.61 9.92 
3R 1.73 1.66 1.57 1.56 1.72 8.24 
Table 143. (Continued) 
W,S. Date Site Depth in feet . Total 
# Mo/day/yr # 1 î!3456 7 8 9 5' 
8/19/68 
4/24/68 
5/29/68 
6/5/68 
6/12/68 
IL 1.70 1.60 1.59 1.62 1.85 8.36 
2L 2.02 1.56 1.64 2.01 2.09 9.32 
3L 1.67 1.41 1.38 1.57 1.96 7.99 
IR 2.38 1.49 1.56 1.90 1.99 9.32 
2R 1.07 2. Ill 1.64 2.04 2.38 9.24 
3R 1.66 1.44 1.46 1.47 1.57 7.60 
IL 1.40 IJA 1.57 1.49 1.75 7.65 
2L 1.83 1.44 1.51 1.92 2.05 8.75 
3L 1.54 1.33 1.31 1.43 1.77 7.38 
IR 3.00 3.63 2.09 2.22 2.44 13.38 
2R 2.92 2.,22 1.47 1.36 1.86 9.83 
3R 2.89 3.,]L6 1,82 2.09 1.73 11.69 
IL 3.69 3.61 2.33 2.59 2.95 15.17 
2L 2.50 3.80 1.57 1.34 1.49 10.70 
3L 3.09 2 ,,17 1.34 1.41 1.54 9.55 
IR 3.22 3.29 2.15 2.24 2.44 13.34 
2R 2.30 3.57 1.57 1.46 1.96 10.66 
3R 2.72 3.63 2.24 2.05 1.64 12.28 
IL 3.13 4.18 2.80 2.66 3.02 15.79 
2L 2.66 3.74 2.34 1.43 1.64 11.81 
3L 3.06 2.57 1.99 1.43 1.60 10.65 
IR 2.92 2.,77 1.72 2.22 2.51 12.14 
2R 1.67 3,.34 1.34 1.41 1.96 9.72 
3R 2.12 3.19 2.05 2.02 1.75 11.13 
IL 3.21 3.39 2.38 2.64 2.98 14.60 
2L 1.99 3,.35 1.85 1.57 1.53 10.29 
3L 2.41 2,11 1.96 1.43 1.59 9.50 
IR 2.79 2.74 2.07 2.18 2.51 12.29 
2R 1.70 3.37 1.34 1.44 1.93 9.78 
3R 2.09 3.08 1.99 1.99 1.66 10.81 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
6/18/68 
7/3/68 
7/10/68 
7/18/68 
8/1/68 
Site Depth in feet Total 
5* 
IL 2.93 3.32 2.74 2.61 2.93 14.53 
2L 2.04 3.44 1.72 1.40 1.57 10.17 
3L 2.48 2.07 1.77 1.51 1.69 9.52 
IR 2.69 3.06 2.33 2.22 2.61 12.91 
2R 1.92 3.34 1.46 1.43 1.83 9.98 
3R 2.27 3.50 2.95 1.90 1.62 12.24 
IL 2.51 3.60 3.19 2.64 2.93 14.87 
2L 2.30 3.64 1.96 1.57 1.64 11.11 
3L 2.30 2.31 2.27 1.41 1.54 9.83 
IR 3.26 2.56 3.42 2.31 2.69 14.24 
2R 2.56 3.77 2.50 1.47 1.95 12.25 
3R 2.87 3.99 3.93 2.01 1.70 14.50 
IL 2.95 4.29 4.21 2.59 2.72 16.76 
2L 2.67 3.86 3.48 3.19 1.53 14.73 
3L 2.90 4.10 2.82 1.98 1.56 13.36 
IR 2.74 4.00 3.77 2.30 2.59 15.40 
2R 2.44 3.35 3.13 2.76 1.44 13.12 
3R 2.48 3.45 2.64 1.73 1.51 11.81 
IL 2.98 2.57 3.02 2.38 2.69 13.64 
2L 2.48 3.60 2.17 1.53 1.96 11.74 
3L 2.41 3.13 2.90 1.70 1.60 11.74 
IR 2.83 3.35 3.02 2.22 2.54 13.96 
2R 2.04 2.92 3.02 2.48 1.56 12.02 
3R 2.20 3.08 2.85 1.95 1.56 11.63 
IL 2.74 2.64 3.00 2.48 2.76 13.62 
2L 2.77 3.55 2.61 2.48 1.78 13.19 
3L 2.14 2.72 2.54 1.77 1.56 10.73 
IR 2.40 2.41 2.57 2.20 2.56 12.14 
2R 1.75 2.15 1.95 1.49 1.82 9.16 
3R 1.95 2.64 3.44 2.02 1,60 11.65 
Table 143. (Continued) 
W,S. 
# 
Date 
Mo/day/yr 
Site 
# 
Depth in feet Total 
5' 
8/8/68 
8/14/68 
8/20/68 
4/25/68 
5/29/68 
IL 2.31 2.80 3.02 2.72 3.00 13.85 
2L 3.15 3.39 2.90 2.74 2.25 14.43 
3L 1.96 1.49 1.57 1.90 1.47 8.39 
IR 2.17 2.09 2.14 2.01 2.59 11.00 
2R 1.88 1.34 2.07 1.90 1.90 9.09 
3R 2.05 2.22 3.06 2.05 1.56 10.94 
IL 2.31 2.69 2.70 2.56 2.83 13.09 
2L 2.92 3.32 2.90 2.69 2.05 13.88 
3L 2.34 1.41 1.44 1.72 1.47 8.38 
IR 2.24 2.14 2.24 2.05 2.66 11.33 
2R 1.69 1.67 1.80 1.38 1.77 8.31 
3R 1.85 2.11 3.05 2.15 1.56 10.75 
IL 2.27 2.63 1.99 2.41 2.69 11.99 
2L 2.56 3.24 2.83 2.61 1.96 13.20 
3L 2.20 1.46 1.33 1.51 1.59 8.09 
IR 2.09 1.99 2.07 1.95 2.48 10.58 
2R 1.60 le 51 1.69 1.28 1.66 7.74 
3R 1.72 2.02 2.79 2.05 1.40 9.98 
IL 2.09 2.64 1.83 2.28 2.53 11.37 
2L 2.38 2.76 2.69 2.38 1.78 11.99 
3L 2.05 1.38 1.23 1.40 1.44 7.50 
IR 3.79 4.08 3.28 2.90 3.16 17.21 
2R 3.55 3.28 1.83 1.86 2.53 13.05 
3R 3.08 2.50 1.98 1.93 2.12 11.61 
IL 3.50 4.13 2.90 2.90 3.42 16.85 
2L 3.35 3.45 2.83 2.82 2.27 14.72 
3L 2.83 2.83 2.56 1.85 2.31 12.38 
IR 3.47 3,.58 3.71 3.13 3.09 16.98 
2R 3.09 2.87 2.37 1.92 2.64 12.89 
3R 2.50 2,44 2.66 2.20 2.44 12.24 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 1 .'f 3 4 5 6 7 8 9 5' 
6/6/68 
6/12/68 
6/19/68 
7/3/68 
7/9/68 
IL 3.31 3.84 3.92 3.19 3.44 17.70 
2L 3.16 3.,22 3.02 3.09 2.34 14.83 
3L 2.50 2.53 2.33 1.92 2.09 11.37 
IR 2.72 3.. 29 3.45 3.15 3.15 15.76 
2R 2.33 2 ,,(54 2.31 1.90 2.59 11.77 
3R 1.93 2.02 2.64 2.15 2.22 10.96 
IL 2.22 3„64 3.74 3.24 3.44 16.28 
2L 2.48 3.00 2.92 3.05 2.27 13.72 
3L 1.83 1„92 2.61 2.24 2.30 10.90 
IR 2.34 2„ 92 3.55 3.02 3.22 15.05 
2R 2.28 2.30 2.37 1.93 2.57 11.45 
3R 1.67 1.67 2.15 1.95 2.02 9.46 
IL 2.28 3.06 3.60 3.03 3.55 15.52 
2L 2.44 2.83 2.67 2.96 2.30 13.20 
3L 1.85 1.75 2.37 2.18 2.28 10.43 
IR 1.86 2.66 3.22 3.06 3.11 13.91 
2R 1.62 1.96 2.24 1.82 2.37 10.01 
3R 1.18 1.28 1.90 2.18 2.18 8.72 
IL 1.80 3.02 3.39 3.22 3.42 14.85 
2L 1.64 2.27 2.66 2.96 2.31 11.84 
3L 1.36 1.43 1.93 1.80 1.95 8.47 
IR 2.83 3.52 2.90 2.98 3.76 15.99 
2R 2.93 3.37 3.47 3.67 2.41 15.85 
3R 2.22 2.43 1.85 1.86 2.27 10.63 
IL 3.31 3.71 3.39 2.66 3.11 16.18 
2L 3.13 3.15 2.37 1.99 2.40 13.04 
3L 2.51 2.12 1.73 3.29 1.82 11.47 
IR 2.98 3.77 3.13 2.41 3.09 15.38 
2R 2.74 2.80 2.22 2.05 2.38 12.19 
3R 2.34 2.02 1.82 2.93 1,73 10.84 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/yx 
7/15/68 
8/1/68 
8/7/68 
8/15/68 
8/20/68 
Site 
# 
Depth in feet Total 
5' 
IL 2.80 3.42 3.06 2.85 3.66 15.79 
2L 2.41 2„76 3.05 3.15 2.15 13.52 
3L 1.47 2,.37 1.90 1.73 2.05 9.52 
IR 2.15 3.37 3.05 2.53 2.96 14.06 
2R 2.66 2.50 2.34 2.30 2.31 12.11 
3R 2.14 1.72 1.73 2.38 1.75 9.72 
IL 2.40 3.02 2.80 2.46 2.89 13.57 
2L 2.80 2.41 2.41 1.80 2.14 11.56 
3L 1.88 2.27 1.77 1.70 1.96 9.58 
IR 2.54 2.57 2.87 2.48 2.43 12.89 
2R 2.28 2.18 2.30 2.87 2.20 11.83 
3R 1.64 1.31 1.57 1.46 1.54 7,52 
IL 1.90 2.05 2.37 2.20 2.18 10.70 
2L 2.61 1.98 1.85 1.70 2.11 10.25 
3L 1.46 1.36 1.60 1.62 1.72 7.76 
IR 2.41 2.48 2.70 2.34 2.20 12.13 
2R 2.95 2.04 2.11 2.64 2.07 10.91 
3R 1.44 1.23 1.44 1.40 1.36 6.87 
IL 1.77 1.96 2.17 2.12 2.04 10.06 
2L 2.41 1.88 1.73 1.47 2.05 9.54 
3L 1.36 1.34 1.49 1.49 1.64 7.32 
IR 2.37 2.59 2.54 2.20 2.04 11.74 
2R 1.95 1.98 1.92 2.53 2.04 10.42 
3R 1.33 1.33 1.41 1.34 1.30 6.71 
IL 1.72 1.83 2.04 1.98 1.96 9.53 
2L 2.22 1.77 1.67 1.38 1.95 8.99 
3L 1.31 1.25 1.38 1.41 1.44 6.79 
IR 2.05 2.28 2.37 2.04 1.77 10.51 
2R 1.86 1.83 1.75 2.40 1.92 9.76 
3R 1.10 1.25 1.31 1.18 1.12 5.96 
Table 143. (Continued) 
W.S, Date Site Depth in feet Total 
# Mo/day/yr # i :f 3456789 5' 
5/20/69 
6/13/69 
6/19/69 
6/29/69 
7/8/69 
IL 1.73 1.72 1.88 1.83 1.77 8.93 
2L 2.05 1.69 1.60 1.38 1.85 8.55 
3L 1.21 1.23 1.27 1.31 1.34 6.36 
IL 3.04 3.46 3.52 2.75 2.44 15.21 
2L 2.70 2.98 2.20 2.28 2.40 10.28 
3L 2.64 2.82 2.76 2.64 2.64 13.50 
IR 3.36 3.48 3.36 2.76 2.16 15.12 
2R 2.28 2.40 2.28 2.28 2.40 11.64 
3R 2.64 2.76 2.64 2.64 2.64 13.32 
IL 2.76 3.36 3.48 3.00 2.16 14.76 
2L 2.52 2.28 2.76 2.52 2.40 12.48 
3L 2.52 2.76 2.40 2.28 2.52 12.48 
IR 3.12 3.24 3.24 3.00 2.16 14.76 
2R 2.16 2.52 2.40 2.40 2.40 11.88 
3R 2.40 2.64 2.64 2.52 2.64 12.84 
IL 2.64 3.24 3.60 3.12 2.16 14.76 
2L 2.28 2.28 2.64 2.40 2.40 12.00 
3L 2.28 2.64 2.40 2.28 2.52 12.12 
IR 3.00 3.00 3.12 2.76 2.16 14.04 
2R 2.16 2.40 2.28 2.28 2.40 11.52 
3R 2.52 2.64 2.54 2.64 2.64 13.08 
IL 2.64 3.36 3.48 3.12 2.40 15.00 
2L 2.28 2.28 2.64 2.40 2.40 12.00 
3L 2.28 2.64 2.40 2.28 2.52 12.12 
IR 2.52 3.24 3.48 3.12 2.40 14.76 
2R 2.04 2.40 2.28 2.28 2.52 11.52 
3R 2.40 2.52 2.52 2.52 2.64 12.60 
IL 2.88 3.00 3.12 2.88 2.40 14.28 
2L 1.92 2.16 2.64 2.40 2.40 11.52 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 1 2 3456789 5' 
7/15/69 
7/22/69 
7/29/69 
8/12/69 
8/19/69 
3L 2.04 2.52 2.28 2.16 2.40 11.40 
IR 2.16 3.12 3.60 3.12 2.52 14.52 
2R 1.80 2,16 2.40 2.28 2.52 11.16 
3R l .Oii  2.40 2.52 2.52 2.64 12.12 
IL 2.76 3.00 3.12 2.88 2.40 14.16 
2L 1.68 2.04 2.64 2.40 2.40 11.16 
3L 1.92 2.52 2.28 2.28 2.52 11.52 
IR 2.52 2.88 3.00 2.76 2.40 13.56 
2R 1.68 2.04 2.16 2.16 2.40 10.44 
3R 1.92 2.16 2.40 2.52 2.52 11.52 
IL Z.Oiy 2.88 3.48 3.00 2.40 13.80 
2L 1.4/f 1.80 2.64 2.40 2.40 10.68 
3L 1.68 2.16 2.16 2.16 2.52 10.68 
IR 2.16 2.64 2.88 2.64 2.40 12.72 
2R 1.44 1.68 2.04 2.04 2.40 9.60 
3R 1.80 1.92 2.28 2.40 2.52 10.92 
IL 1.68 2.52 3.12 2.88 2.40 12.60 
2L 1.32 1.32 2.40 2.16 2.28 9.48 
3L 1.32 1.92 1.92 2.04 2.40 9.60 
IR 1.68 2.04 2.52 2.52 2.40 11.16 
2R 1.32 1.44 1.44 1.92 2.28 8.40 
3R 1.32 1.44 1.56 1.80 2.28 8.40 
IL 2.16 2.28 2.64 2.52 2.52 12.12 
2L 1.20 1.20 2.04 2.04 2.40 8.88 
3L 1.80 1.44 1.80 2.16 2.40 9.60 
IR 2.16 2.16 2.40 2.52 2.40 11.64 
2R 1.32 1.44 1.32 1.80 2.16 8.04 
3R 1.68 1.32 1.56 1.92 2.40 8.88 
IL 1.56 2.04 2.40 2.40 2.52 10.92 
2L 1.08 1.20 1.80 1.92 2.16 8.16 
3L 1.20 1.32 1.32 1.68 2.04 7.56 
Table 143. (Continued) 
W.S, 
# 
Date Site 
Mo/day/yr 
Depth in feet Total 
8/26/69 
9/13/69 
5/20/69 
6/13/69 
6/19/69 
6/26/69 
# 1 2 3 4 5 6 7 8 9 5' 
IR 2.04 2.04 2.28 2.40 2.40 11.16 
2R 1.32 1.32 1.32 1.44 2.04 7.44 
3R 1.68 1.32 1.44 1.80 2.16 8.40 
IL 1.32 1.92 2.28 2.28 2.40 10.20 
2L 1.20 1.20 1.68 1.80 2.16 8.04 
3L 1.32 1.32 1.20 1.44 1.92 7.20 
IR 1.80 2.04 2.28 2.04 2.16 10.32 
2R 1.56 1.44 1.32 1.44 2.04 7.80 
3R 2.04 1.32 1.44 1.44 2.04 8.28 
IL 2.40 2.16 2.16 2.16 2.40 11.28 
2L 1.32 1.20 1.68 1.80 2.16 8.16 
3L 1.68 1.32 1.20 1.32 1.92 7.44 
IL 3.35 3.50 3.32 2.80 2.20 2.64 2.50 2.50 2.50 15.17 
2L 2.76 2.50 2.40 2.40 2.16 2.04 2.04 2.04 2.04 12.22 
3L 2.90 2.88 2.76 2.50 2.50 2.50 2.54 2.28 2.78 13.54 
IR 3.84 4.08 3.84 3.60 3.48 3.36 3.12 3.48 3.72 18.84 
2R 2.16 2.52 2.40 2.76 2.88 3.00 3.00 3.48 3.12 12.72 
3R 1.92 1.68 2.28 2.40 2.16 2.52 2.28 2.04 2.04 10.44 
IL 3.60 3.84 3.48 3.00 3.12 3.64 2.52 2.52 2.52 17.04 
2L 2.76 2.52 2.28 2.40 2.16 1.80 2.04 2.04 2.04 12.12 
3L 2.76 2.88 2.76 2.52 2.52 2.52 2.64 2.52 2.28 13.44 
IR 3.48 3.84 3.84 3.60 3.60 3.36 3.24 3.48 3.48 18.36 
2R 2.04 2,52 2.40 2.64 2.88 2.88 3.00 3.48 3.12 12.48 
3R 2.04 1.68 2.40 2.40 2.16 2.52 2.40 2.16 2.16 10.68 
IL 3.36 3.60 3.48 3.12 3.24 2.24 2.52 2.64 2.52 16.80 
2L 2.52 2.52 2.40 2.40 2.28 1.92 2.04 2.04 2.04 12.12 
3L 2.40 2.52 2.52 2.40 2.28 2.28 2.40 2.28 2.16 12.12 
IR 3.48 3.84 3.60 3.48 3.48 3.24 3.12 3.48 3.48 17.80 
2R 2.28 2.52 2.40 2.64 2.88 2.88 3.00 3.36 3.12 12.72 
3R 1.92 1.68 2.16 2.40 2.16 2.40 2.40 2.16 2.16 10.32 
IL 3.12 3.48 3.36 3.00 3.12 2.76 2.52 2.64 2.40 16.08 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
Site 
# 
Depth in feet Total 
5' 
7/8/69 
7/15/69 
7/22/69 
7/29/69 
8/12/69 
2L 
3L 
IR 
2R 
3R 
IL 
2L 
3L 
IR 
2R 
3R 
IL 
2L 
3L 
IR 
2R 
3R 
IL 
2L 
3L 
IR 
2R 
3R 
IL 
2L 
3L 
IR 
2R 
3R 
IL 
2L 
2.40 
2.40 
3.48 
2.16 
1.92 
3.12 
2.52 
2.16 
2 .88 
1.80 
1.68 
2.64 
2.04 
1.92 
2 .88  
1.68 
2.64 
1.80 
1.80 
2.64 
1.56 
1.32 
2.40 
1.56 
1.56 
3.36 
1.44 
1.32 
2.76 
1.56 
2.52 
2.52 
3.96 
2.52 
1.56 
3.60 
2.40 
2 . 2 8  
3.48 
2 . 2 8  
1.44 
3.12 
2.04 
2.04 
3.48 
2.04 
1.56 
3.12 
1.92 
1.92 
3.12 
1.68 
1.32 
2.76 
1 . 6 8  
1.56 
2.76 
1.44 
1.08 
2.52 
1.32 
2.28 
2.52 
3.72 
2.40 
2.16 
3.60 
2.40 
2.40 
3.48 
2.28 
2.16 
3.24 
2.16 
2.40 
3.48 
2.16 
2.04 
3.24 
2.04 
2.40 
3.12 
1.92 
1.92 
3.00 
1.80 
2.16 
2.88 
1.68 
1.56 
2.76 
1.32 
2.40 
2 .28  
3.60 
2.76 
2.40 
3.24 
2.52 
2 .28  
3.36 
2.52 
2.16 
3.00 
2.40 
2.16 
3.36 
2.52 
2.16 
3.00 
2.40 
2.16 
3.24 
2.40 
2.04 
2.88 
2.16 
2.04 
3.12 
2.16 
1.92 
2.76 
1.80 
2.16 
2 .28  
3.60 
3.00 
2.16 
3.36 
2.40 
2.16 
3.36 
2.88 
2.16 
3.00 
2.16 
2.16 
3.48 
2.88 
2.16 
3.24 
2.16 
2.16 
3.12 
2.64 
2.04 
3.00 
2.16 
2.04 
3.36 
2.52 
2,04 
3.00 
2.04 
2.04 
2.28 
3.48 
3.00 
2.52 
2.88 
2.28 
2.28 
3.24 
2.88 
2.40 
2.64 
2.04 
2.16 
3.36 
2.88 
2.40 
3.12 
2.16 
2.28 
3.24 
2.76 
2.40 
2.64 
2.04 
2.16 
3.24 
2.76 
2.40 
3.00 
2.04 
2.04 
2.40 
3.36 
3.12 
2.52 
2.76 
2 .28  
2.40 
3.12 
3.00 
2.40 
2.64 
2.16 
2.40 
3.12 
3.00 
2.40 
2.76 
2.16 
2.40 
3.00 
2.88 
2.28 
2.52 
2.16 
2.40 
3.12 
2.76 
2.28 
2.64 
2.16 
2.04 
2.40 
3.60 
3.12 
2.40 
2.76 
2.28 
2.40 
3.36 
3.36 
2 .28  
2.64 
2.04 
2.28 
3.48 
3.36 
2 . 2 8  
2.64 
2.16 
2.40 
3.36 
3.36 
2.16 
2.64 
2.04 
2.40 
3.36 
3.36 
2.28 
2.76 
2.16 
2.04 
2,16 
3.60 
3.36 
2,16 
2,64 
2,16 
2,16 
3,36 
3.12 
2.28 
2.40 
2.04 
2.16 
3.60 
3.12 
2.28 
2,52 
2.04 
2.16  
3,60 
3.00 
2,16 
2.52 
2,04 
2.16 
3.36 
3.00 
2.28 
2.52 
2.16 
11.76 
12.00 
18.36 
12.84 
10.20 
16.92 
12.24 
11.28 
16.56 
11.76 
9.60 
15.00 
10.80 
10.68 
16.68 
11.28 
9.36 
15.24 
10.32 
10.44 
15.24 
10.20 
8.64 
14.04 
9.36 
9.36 
15.48 
9.24 
7.92 
13.80 
8.04 
Table 143. (Continued) 
W.S. 
# 
Date Site Depth in feet Total 
I>fo/day/yr 1 2 3 4 5 6 7 8 9 5' 
3L 1.44 1 . 3 2  1.92 1.92 2.04 2.16 2.40 2.40 2.28 8.64 
8/19/69 IR 2.88 2.(54 2.64 3.12 3.24 3.12 3.12 3.36 3.36 14.52 
2R 1.44 l,.<i4 1.44 1.92 2.40 2.52 2.76 3.24 3.12 8.64 
3R 1.32 1.20 1.32 1.80 1.92 2.40 2.40 2.40 2.40 7.56 
IL 2.52 2.52 2.76 2.76 3.00 2.64 2.64 2.76 2.64 13.56 
2L 1.44 1.32 1.20 1.44 1.92 2.04 2.16 2.16 2.16 7.32 
3L 1.32 1.20 1.80 1.80 1.92 2.04 2.28 2.40 2.28 8.04 
8/26/69 IR 2.76 2.64 2.52 2.88 3.12 3.12 3.00 3.36 3.36 13.92 
2R 1.44 1.44 1.44 1.80 2.40 2.64 2.76 3.24 3.00 8.52 
3R 1.32 1.08 1.20 1.68 1.92 2.28 2.28 2.28 2.28 7.20 
IL 2.40 2,40 2.52 2.52 2.88 2.52 2.52 2.76 2.52 12.72 
2L 1.44 1.20 1.08 1.44 1.68 1.92 2.16 2.16 2.16 6.84 
3L 1.32 1.20 1.68 1.80 1.92 2.04 2.28 2.28 2.16 7.92 
9/13/69 IR 3.12 2,52 2.40 2.76 3.12 3.24 3.12 3.48 3.60 13.92 
2R 1.68 1.44 1.44 1.68 2.16 2.52 2.76 3.36 3.12 8.40 
3R 1.44 1.20 1.20 1.32 1.68 2.16 2.28 2.16 2.16 6.84 
IL 2.40 2.40 2.52 2.40 2.88 2.52 2.64 2.76 2.04 12.60 
2L 1.68 1.20 1.20 1.32 1.44 1.92 2.16 2.28 2.28 6.84 
3L 1.44 1.20 1.56 1.68 1.92 2.04 2.28 2.28 2.40 7.80 
5/20/69 IL 2.62 3.58 3.00 3.00 2.72 14.92 
2L 2.40 2,52 2.64 2.52 2.52 12.60 
3L 2,50 1.90 1.90 1.88 1.88 10.06 
6/13/69 IR 3.12 3.12 3.48 3.72 3.84 17.28 
2R 2.40 2.16 2.52 2.64 2.52 12.24 
3R 2.52 1.80 1.80 1.92 1.92 9.96 
IL 2.40 2.54 2.52 2.40 2.52 12.48 
2L 2.76 2.04 2.40 2.52 2.04 11.76 
3L 1.80 1.80 1.92 1.68 1.68 8.88 
6/19/69 IR 2.88 3.12 3.36 3.60 3.84 16.80 
2R 2.40 2.16 2.52 2.52 2.52 12.12 
3R 2.40 2.40 1.92 1.92 1.92 10.56 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 12 3 4 5 6 7 8 9 5' 
6/26/69 
7/8/69 
7/15/69 
7/22/69 
7/29/69 
IL 2.40 1.32 2.52 2.28 2.40 10.92 
2L 2.40 2„04 2.28 2.28 1.92 10.92 
3L 1.80 IJBO 1.80 1.68 2.76 9.84 
IR 3.00 3.,36 3.36 3.60 3.72 17.04 
2R 2.16 2., 16 2.40 2.52 2.52 11.76 
3R 2.76 l.,08 1.92 2.04 1.92 9.72 
IL 2.52 2.64 2.52 2.28 2.40 12.36 
2L 2.64 2.,04 2.40 2.40 1.92 11.40 
3L 1.92 l.,30 1.80 1.80 1.68 9.00 
IR 3.60 3., 84 3.84 3.60 3.84 18.72 
2R 2.40 2,.04 2.40 2.40 2.40 11.64 
3R 2.88 2„52 2.04 1.92 1.92 11.28 
IL 3.00 2.,88 2.52 2.16 2.40 12.96 
2L 2.88 2., 16 2.16 2.28 1.80 11.28 
3L 1.80 l.,68 1.68 1.56 1.56 8.28 
IR 3.00 3..36 3.48 3.60 3.72 17.16 
2R 2.40 2 ,,04 2.40 2.40 2.40 11.64 
3R 2.40 2,. 16 2.04 1.92 1.80 10.32 
IL 2.64 3„00 2.52 2.16 2.28 12.60 
2L 2.52 2,. 28 2.40 2.16 1.80 11.16 
3L 1.68 1„I30 1.68 1.68 1.56 8.40 
IR 2.88 3,. 24 3.48 3.60 3.72 16.92 
2R 2.16 2„i34 2.28 2.40 2.40 11.28 
3R 2.16 2„04 1.92 1.92 1.80 9.84 
IL 2.52 2,88 2.52 2.16 2.40 12.48 
2L 2.28 2„L6 2.40 2.16 1.80 10.80 
3L 1.44 1.80 1.68 1.56 1.56 8.04 
IR 2.76 3.12 3.48 3.60 3.84 16.80 
2R 1.92 1,92 2.16 2.16 2.16 10.32 
3R 2.04 1,92 1.80 1.92 1.92 9.60 
IL 2.40 2.76 2.52 2.16 2.28 12.12 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/JOT 
Site 
# 
Depth in feet Total 
5' 
8/12/69 
8/19/69 
8/26/69 
9/13/69 
6/13/69 
2L 2.04 1.92 2.16 2.04 1.68 9.84 
3L 1.20 1.56 1.56 1.44 1.44 7.20 
IR 3.12 3.60 3,69 3.84 3.84 18.00 
2R 2.40 2.04 2.16 2.16 2.16 10.96 
3R 2.64 2.40 1.92 1.92 1.92 10.80 
IL 2.76 3.00 2.52 2.16 2.40 12.84 
2L 2.76 2.52 2.40 2.16 1,80 11,64 
3L 1.80 1.56 1.44 1.44 1.44 7,68 
IR 3.00 3.36 3.48 3.60 3.72 17.16 
2R 2.16 1.92 2.04 2.16 2,04 10.32 
3R 2.16 2.04 1.92 1.80 1.68 9.60 
IL 2.52 2.88 2.52 2.04 2.04 12.00 
2L 2.40 2.16 2.40 2.04 1.68 10.68 
3L 1.44 1.44 1.44 1.44 1.44 7.20 
IR 2.88 3.24 3.48 3.60 3,72 16.92 
2R 2.04 1.92 2.04 2.04 2.04 10.08 
3R 2.04 1.92 1.80 1.80 1.68 9.24 
IL 2.40 2.64 2.52 2.04 2.04 11.64 
2L 2.16 2.04 2.16 2.04 1.68 10.08 
3L 1.32 1.44 1.44 1.32 1.32 6.84 
IR 3.00 3.36 3.48 3.72 3.84 17.40 
2R 2.16 1.92 2.04 2.16 2.04 10.32 
3R 1.92 1.80 1.68 1.80 1.68 8.88 
IL 2.40 2.64 2,52 2,04 2.04 11.64 
2L 2.16 1.80 1.92 2.16 2.04 10,08 
3L 1.32 1.56 1.44 1.32 1.32 6.96 
IR 2.64 2.52 2.52 2.76 2.64 13.08 
2R 2.40 2.64 2.76 3.00 3.24 14.04 
3R 2.52 2.40 2.16 2.40 2.16 11,64 
IL 2.88 2.64 2.52 2.16 2.28 12,48 
2L 2.28 2.64 2.28 2.40 2.40 12.00 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
6/19/69 
6/26/69 
7/8/69 
7/15/69 
7/22/69 
Site Depth in feet Total 
5' 
3L 1.92 2.40 2.40 2.40 2.76 11.88 
IR 2.64 2.52 2.64 2.88 2.76 13.44 
2R 2.52 2.64 2.76 3.12 3.36 14.40 
3R 2.52 2.40 2.28 2.40 2.16 11.76 
IL 2.88 2.64 2.64 2.16 2.40 12.72 
2L 2.16 2.64 2.40 2.52 2.40 12.12 
3L 1.92 2.40 2.40 2.52 3.00 12.24 
IR 2.52 2.40 2.52 2.64 2.64 12.72 
2R 2.16 2.52 2.64 3.00 3.12 13-44 
3R 2.52 2.40 2.28 2.40 2.40 12.00 
IL 2.76 2.52 2.52 2.04 2.16 12.00 
2L 2.16 2.52 2.28 2.40 2.40 11.76 
3L 2.04 2.40 2.40 2.40 2.88 12.12 
IR 2.28 2.40 2.52 2.76 2.64 12.60 
2R 2.% 2.52 2.64 3.00 3.12 13.32 
3R 2.40 2.16 2.16 2.40 2.40 11.52 
IL 2.52 2.40 2.52 2.04 2.28 11.76 
2L 2.16 2.52 2.40 2.52 2.52 12.12 
3L 1.68 2.16 2.40 2.40 2.88 11.52 
IR 2.0/^ 2.28 2.52 2.64 2.64 12.12 
2R 2.04 2.40 2.64 3.00 3.12 13.20 
3R 2.04 2.04 2.16 2.40 2.28 10.92 
IL 2.40 2.28 2.40 2.04 2.16 11.28 
2L 1.92 2.28 2.16 2.40 2.40 11.16 
3L 1.44 1.92 2.16 2.40 2.88 10.88 
IR 1.80 1.92 2.40 2.64 2.64 11.16 
2R 1.56 2.16 2.52 2.52 3.00 11.76 
3R 1.80 1.92 2.04 2.28 2.28 10.32 
IL 2.16 2.04 2.40 2.04 2.16 10.80 
2L 1.56 2.16 2.04 2.28 2.28 10.32 
3L 1.20 1.68 2.04 2.28 2.76 9.96 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
7/29/69 
8/12/69 
8/19/69 
8/26/69 
9/13/69 
Site Depth in feet Total 
5' 
IR 1.68 1.68 2.16 2.52 2.52 10.56 
2R 1.56 1.92 2.40 2,64 3.00 11.52 
3R 1.56 1.68 1.80 2.16 2.16 9.36 
IL 2.04 1.92 2.28 2.04 2.16 10.44 
2L 1.4Zy 2.04 1.92 2.28 2.28 9.96 
3L 1.20 1.32 1.92 2.16 2.88 9.48 
IR 1.92 1.56 1.80 1.32 2.04 8.64 
2R 1.20 1.68 1.56 1.92 2.16 8.52 
3R 1.20 1.08 1.32 1.80 2.52 7.92 
IL 1.68 1.44 1.80 2.28 2.40 9.60 
2L 1.32 1.44 0.96 2.52 2.76 9.00 
3L 1.32 1.32 1.44 1.80 2.04 7.92 
IR 1.44 1.32 1.68 2.16 2.40 9.00 
2R 1.32 1.44 1.80 2.52 2.76 9.84 
3R 1.32 1.32 1.32 1.68 1.92 7.56 
IL 1.92 1.44 1.68 1.56 1.92 8.52 
2L 1.20 1.56 1.32 1.92 2.04 8.04 
3L 1.08 1.08 1.20 1.44 2.52 7.32 
IR 1.44 1.32 1.56 2.04 2.64 9.00 
2R 1.32 1.32 1.68 2.28 2.88 9.48 
3R 1.44 1.44 1.44 1.80 2.52 8.64 
IL 1.92 1.44 1.44 1.44 1.92 8.16 
2L 1.08 1.44 1.20 1.68 2.04 7.44 
3L 1.08 1.08 1.08 1.32 2.40 6.96 
IR 1.56 1.32 1.68 2.16 2.76 9.48 
2R 1.44 1.32 1.68 2.40 3.00 9.84 
3R 1.56 1.44 1.44 1.92 2.64 9.00 
IL 1.92 1.56 1.68 1.44 2.04 8.64 
2L 1.20 1.44 1.32 1.68 2.16 7.80 
3L 1.08 1.08 1.20 1.44 2.52 7.32 
Table 143. (Continued) 
W.S, Date Site Depth in feet Total 
# Mo/day/yr # 1 23456 7 89 5' 
6/13/69 
6/19/69 
6/26/69 
7/8/69 
7/15/69 
IR 3.12 3.00 3.12 3.12 3.24 15.60 
2R 2.88 2.76 2.16 2.52 2.88 13.20 
3R 3.12 3.36 3.00 2.52 2.04 14.04 
IL 3.12 3.72 3.72 3.84 3.84 18.24 
2L 3.12 2.88 2.76 2.64 2.40 13.80 
3L 2.52 2.28 2.28 2.16 2.40 11.64 
IR 3.00 3.12 3.12 3.24 3.36 15.84 
2R 2.88 2.88 2.16 2.64 3.00 13.56 
3R 3.00 3.36 3.12 2.64 2.16 14.28 
IL 2.88 3.48 3.60 3.60 3.72 17.28 
2L 3.12 2.88 2.88 2.64 2.52 14.04 
3L 2.40 2.40 2.40 2.28 2.40 11.88 
IR 3.00 3.00 3.00 3.12 3.12 15.24 
2R 2.76 2.76 2.16 2.52 2.76 12.96 
3R 3.00 3.36 3.36 2.52 2.04 14.28 
IL 3.00 3.60 3.72 3.72 3.84 17.88 
2L 3.00 2.76 2.76 2.64 2.52 13.68 
3L 2.40 2.16 2.28 2.16 2.28 11.28 
IR 3.00 3.00 3.12 3.12 3.36 15.60 
2R 2.64 2.64 2.04 2.52 2.76 12.60 
3R 2.88 3.36 3.48 2.64 2.16 14.52 
IL 2.16 2.16 2.40 2.16 2.40 11.28 
2L 2.76 2.64 2.64 2.52 2.40 12.96 
3L 2.88 3.48 3.62 3.84 3.84 17.66 
IR 2.76 2.88 3.00 3.12 3.12 14.88 
2R 2.40 2.52 2.04 2.52 2.76 12.24 
3R 2.76 3.12 3.12 2.64 2.16 13.80 
IL 2.64 3.36 3.48 3.60 3.60 16.68 
2L 2.52 2.52 2.64 2.52 2.40 12.60 
3L 2.04 2.04 2.16 2.16 2.40 10.80 
Table 143, (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
Site Depth in feet Total 
5' 
7/22/69 
7/29/69 
8/12/69 
8/19/69 
8/26/69 
IR 2.64 2» 76 3.00 3.12 3.12 14.64 
2R 2.16 2.,40 1.92 2.40 2.76 11.64 
3R 2.52 3„00 3.12 2.52 2.04 13.20 
IL 2.52 3,.24 3.60 3.60 3.60 16.56 
2L 2.28 2,.28 2.40 2.40 2.40 11.76 
3L 1.92 1,.92 2.16 2.04 2.40 10.44 
IR 2,52 2,. 76 2.88 3.00 3.12 14.28 
2R 2.04 2..04 1.80 2.40 2.64 10.92 
3R 2.40 3„00 3.12 2.64 2.16 13.32 
IL 2.16 3.00 3.48 3.60 3.60 15.84 
2L 2.16 2JD4 2.16 2.40 2.28 11.04 
3L 1.80 1.80 2.04 2.04 2.28 9.96 
IR 2.28 2,40 2.64 2.88 3.12 13.32 
2R 1.92 1.30 1.56 2.16 2.64 10.08 
3R 2.04 2.76 3.12 2.76 2.16 12.84 
IL 1.68 2.52 3.00 3.48 3.48 14.16 
2L 2.04 1.68 1.80 2.04 2.16 9.72 
3L 1.80 1.44 1.80 1.92 2.16 9.12 
IR 2.28 2.40 2.52 2.88 3.00 13.08 
2R 1.80 1.80 1.44 2.04 2.40 9.48 
3R 1.68 2.64 3.12 2.64 2.16 12,24 
IL 1.80 2.40 2.88 3.36 3.48 13.92 
2L 1.92 1.56 1.56 1.80 2.04 8.88 
3L 1.80 1.44 1.56 1.68 2.04 8.52 
IR 2.16 2.28 2.52 2.76 3.00 12.72 
2R 1.80 1.68 1.32 1.92 2.40 9.12 
3R 1.68 2.28 2.76 2.40 2.04 11.16 
IL 1.44 2.40 2.76 3.12 3.48 13.20 
2L 1.92 1.56 1.44 1.68 1.92 8.52 
3L 1.68 1.32 1.56 1.68 2.04 8.28 
Table 143. (Continued) 
W.S. Date 
Mo/day/yr 
9/13/69 
6/13/69 
6/19/69 
6/26/69 
7/8/69 
Site 
# 
Depth in feet Total 
5' 
IR 2.28 2.40 2.52 2.88 3.00 13.08 
2R 1.92 1.80 1.44 1.92 2.40 9.48 
3R 1.80 2.40 3.00 2.52 2.28 12.00 
IL 1.56 2.40 2.76 3.24 3.48 13.44 
2L 2.04 1.56 1.56 1.80 2.04 9.00 
3L 1.80 1.44 1.56 1.80 2.04 8.64 
IR 3.12 3.36 3.00 3.00 2.76 15.24 
2R 2.28 1.92 1.92 2.16 2.52 10.80 
3R 2.04 1.92 1.80 1.80 1.92 9.48 
IL 3.36 3.36 3.24 3.12 3.00 16.08 
2L 3.00 2.28 2.52 2.28 2.76 12.84 
3L 2.28 1.80 2.28 2.16 2.40 10.92 
IR 3.12 3.00 3.12 3.00 2.88 15.12 
2R 2.16 2.04 1.92 2.28 2.52 10.92 
3R 1.92 1.92 1.92 1.80 1.92 9.48 
IL 3.12 3.36 3.36 3.24 3.00 16.08 
2L 2.76 2.28 2.52 2.28 2.64 12.48 
3L 2.04 2.04 2.28 2.16 2.52 11.04 
IR 3.36 3.12 3.12 3.12 3.12 15.74 
2R 2.40 2.04 1.80 2.04 2.40 10.68 
3R 1.92 1.80 1.80 1.80 1.92 9.24 
IL 3.36 3.60 3.48 3.24 2.88 16.56 
2L 3.00 2.88 2.76 2.16 2.64 13.44 
3L 2.52 2.40 2.40 2.16 2.52 12.00 
IR 3.48 3.36 3.36 3.12 2.88 16.20 
2R 3.00 2.40 1.80 2.04 2.28 11.52 
3R 2.0ZK 1.92 1.80 1.80 1.92 9.48 
IL 3.36 3.84 3.84 3.84 3.84 18.96 
2L 3.12 3.24 3.36 1.92 2.64 14.28 
3L 3.00 2.88 2.88 2.16 2.40 13.32 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 1 î'. 3 4 5 6 7 8 9 5* 
7/15/69 
7/22/69 
7/2/69 
8/12/69 
8/19/69 
IR 3.00 3 .00 3.12 3.24 3.00 15.36 
2R 2.52 2 ,40 2.04 2.04 2.40 11.40 
3R 1.80 1 ,80 1.68 1.68 1.92 8.88 
IL 3.24 3 ,48 3.60 3.60 3.60 17.52 
2L 2.76 3 00 2.64 2.64 2.76 13.80 
3L 2.16 2 ,40 2.64 2.40 2.52 12.12 
IR 3.00 3 ,00 3.12 3.24 3.00 15.36 
2R 2.28 2 ,16 1.92 2.04 2.16 10.56 
3R 1.92 2 ,16 2.04 2.52 2.16 10.80 
IL 3.24 3 ,48 3.60 3.60 3.60 17.52 
2L 2.52 2 ,52 2.76 2.52 2.76 13.08 
3L 1.68 1 ,80 1.68 1.68 1.92 8.76 
IR 2.76 2 ,76 2.88 3.00 2.88 14.28 
2R 2.04 2 ,04 1.80 2.04 2.28 10.20 
3R 1.44 1 .56 1.56 1.56 1.80 7.92 
IL 2.88 3 .12 3.36 3.24 3.36 15.96 
2L 2.16 2 ,40 2.52 2.28 2.64 12.00 
3L 1.68 1 ,92 2.16 2.04 2.40 10.20 
IR 3.24 3 ,12 3.36 3.24 3.00 15.96 
2R 2.64 2 ,64 2.52 2.16 2.28 12.24 
3R 2.04 1 ,56 1.56 1.44 1.80 8.40 
IL 3.36 3 ,60 3.72 3.72 3.84 18.24 
2L 3.00 3 ,00 3.12 2.88 2.76 14.76 
3L 2.52 2 ,76 3.00 2.40 2.52 13.20 
IR 3.12 3 ,12 3.24 3.12 3.00 15.60 
2R 2.40 2 ,40 2.16 2.16 2.16 11.28 
3R 1.68 1 ,44 1.32 1.44 1.68 7.56 
IL 3.36 3 ,60 3.72 3.72 3.84 18.24 
2L 2.76 2 ,64 2.88 2.64 2.64 13.56 
3L 2.16 2 ,40 2.76 2.28 2.40 12.00 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
8/26/69 
9/13/69 
4/24/70 
6/5/70 
6/17/70 
Site 
# 
Depth in feet Total 
5' 
IR 2,88 2.38 3.00 3.12 2.88 14.76 
2R 2.28 2.16 2.04 2.16 2.16 10.80 
3R 1.44 1.44 1.32 1.32 1.68 7.20 
IL 3.12 3.36 3.48 3.36 3.36 16.68 
2L 2.52 2.52 2.64 2.40 2.52 12.60 
3L 1.92 2.04 2.52 2.16 2.40 11.04 
IR 2.88 2.88 3.12 3.12 3.00 15.00 
2R 2.40 2.28 2.04 2.16 2.16 11.04 
3R 1.80 1.44 1.32 1.32 1.68 7.56 
IL 3.12 3.36 3.48 3.36 3.48 16.80 
2L 2.64 2.52 2.76 2.52 2.64 13.08 
3L 2.04 2.16 2.64 2.28 2.40 11.52 
IL 3.00 3.63 2.04 2.22 2.44 13.38 
2L 2.48 2.16 2.16 1.92 1.56 10.28 
3L 2.89 3.16 1.82 2.04 1.78 11.69 
IR 3.00 3.12 3.12 2.04 2.16 13.44 
2R 2.16 2.64 2.16 1.80 2.04 10.50 
3R 2.40 2.52 2.64 2.40 2.16 12.12 
IL 3.36 3.48 3.60 2.16 2.16 14.76 
2L 2.40 2.52 2.88 2.28 2.16 12.24 
3L 2.40 2.76 2.40 2.16 2.04 11.76 
IR 3.00 3.12 3.12 2.16 2.16 13.56 
2R 2.16 2.64 2.16 1.92 2.04 11.04 
3R 2.40 2.52 2.52 2.40 2.16 12.00 
IL 3.12 3.36 3.60 2.28 2.28 14.64 
2L 2.16 2.52 2.76 2.40 2.28 12.12 
3L 2.40 2.76 2.40 2.16 2.04 11.76 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 12 3456 78 9 5' 
7/1/70 
7/15/70 
7/28/70 
8/11/70 
4/24/70 
6/4/70 
IR 1.92 2.88 3.00 2.40 2.16 
2R 1.80 2.52 2.16 2.04 2.04 
3R 1.92 2,28 2.40 2.40 2.40 
IL 1.92 2.88 3.48 2.28 2.28 
2L 1.32 2,; 04 2.64 2.40 2.40 
3L 1.80 2., 52 2.28 2.16 2.28 
IR 1.68 2.. 16 2.16 2.40 2.16 
2R 1.44 2„;L6 1.92 2.04 2.16 
3R 1.44 l.,80 2.16 2.28 2.28 
IL 1.56 2.28 2.88 2.16 2.28 
2L 1.08 1..20 2.28 2.16 2.28 
3L 1.20 1,.30 1.92 2.04 2.16 
IR 1.44 1.30 2.04 2.16 2.16 
2R 0.96 1„08 1.68 2.04 2.16 
3R 1.32 1.32 1.80 2.04 2.28 
IL 1.44 1.30 2.16 2.04 2.16 
2L 0.96 1.56 1.80 1.92 2.04 
3L 0.96 1.32 1.32 1.80 2.04 
IR 1.44 1.68 1.80 1.80 2.16 
2R 1.08 1.44 1.80 2.16 
3R 1.32 1.20 1.44 1.80 2.04 
IL 1.44 1.80 2.04 1.92 2.16 
2L 0.96 1.08 1.56 1.80 2.16 
3L 0.96 1.32 1.20 1.32 1.92 
IL 3.34 3.60 2.63 2.57 2.41 
2L 3.00 2.40 1.70 1.83 2.12 
3L 2.90 2.28 2.14 1.85 1.85 
IR 3.84 3.96 3.84 3.84 3.84 
2R 2.88 2.52 2.28 2.16 2.16 
3R 2.52 1.68 1.92 1.44 1.68 
2.90 2.51 2.83 3.00 
1.85 1.85 2.14 2.54 
2.37 2.22 2.30 2.30 
3.48 3.36 3.60 3.72 
2.40 2.52 3.00 2.88 
1.92 2.04 2.04 
12.36 
10.56 
11.40 
14.04 
10.80 
11.04 
10.56 
9.72 
9.96 
10.56 
9.00 
9.12 
9.60 
7.92 
8.76 
9.60 
8.28 
7.44 
8.88 
7.92 
7.80 
9.36 
7.56 
6.72 
14.55 
11.05 
11.02 
19.32 
12.00 
9.24 
Table 143. (Continued) 
W.S, 
# 
Date 
Mo/day/yr 
6/18/70 
6/30/7D 
7/14/70 
7/30/70 
8/11/70 
Site Depth in feet Total 
5* 
IL 3.36 3., 84 3.60 3.12 3.12 2.88 3.12 3.48 3.36 17.04 
2L 2.52 2.40 1.56 1.44 1.44 1.92 2,04 2.16 2.16 9.36 
3L 2.40 2.,40 2.40 1.92 1.80 1.80 2.04 2.04 2.04 10.92 
IR 3.60 3„% 3.84 3.60 3.60 3.48 3.36 3.60 3.84 18.60 
2R 2.64 2.52 2.28 2.16 2.40 2.40 2,52 3.12 2.88 9.72 
3R 2.40 l.,68 2.04 1.80 1.68 1.92 2,04 2.04 2.16 9.60 
IL 3.12 3,.60 3.36 3.12 3.12 2.88 3,00 3.36 3.24 16.32 
2L 2.28 2,.28 1.80 1.44 1.56 1.80 2.04 2.16 2.16 9.36 
3L 2.16 2.28 2.40 1.92 1.80 1.80 2.04 2.04 2.04 10.56 
IR 2.64 3,. 72 3.60 3.60 3.60 3.48 3.36 3.60 3.60 17.16 
2R 1.80 2.16 2.28 2.28 2.40 2.52 2.64 3.12 2.88 10.92 
3R 1.56 1.44 1.92 1.92 1.68 2.04 2.04 2.04 2.28 8.52 
IL 2.04 3.24 3.48 3.00 3.12 2.88 3.00 3.36 3.12 14.88 
2L 1.92 2.04 1.92 1.44 1.56 1.80 2.04 2.16 2.16 8.88 
3L 1.56 1.92 2.28 1.92 1.92 1.80 2.04 2.04 2.04 9.60 
IR 1.92 2.64 3.36 3.48 3.60 3.48 3.36 3.72 3.72 15.00 
2R 1.56 1.44 1.68 2.16 2.40 2.52 2.64 3.12 2.88 9.24 
3R 1.08 0.96 1.92 1.80 1.80 2.04 2.04 2.04 2.28 7.56 
IL 1.68 2.40 3.00 3.00 3.12 2.76 3.00 3.36 3,12 13.20 
2L 1.32 1.44 1.68 1.44 1.56 1,92 2.16 2.16 2.16 7.44 
3L 1.08 1.20 1.68 1.80 1.80 1.80 2.04 2.04 2,04 7.56 
IR 1.92 2.40 2.28 2.64 3.36 3.48 3.36 3.60 3,60 12.60 
2R 1.44 1.32 1.32 1.68 2.28 2,52 2.64 3.00 2,88 8.04 
3R 0.96 0.78 0.96 1.32 1.68 2.04 2.04 2.04 2.52 5.70 
IL 1.80 2.04 2.04 2.28 3.00 2.76 3.00 3.36 3.12 11.16 
2L 1.20 1.08 1.08 1.44 1.56 1.80 2.16 2.16 2.28 6.36 
3L 0.96 0.96 1.20 1.20 1.68 1.80 2.04 2.04 2.04 6.00 
IR 2.04 2.40 2.16 2.16 3.00 3.36 3.24 3.60 3.60 11.76 
2R 1.44 1.32 1.32 1.44 2.04 2.40 2.64 3.00 2.88 7.56 
3R 0.96 0.78 0.96 1.08 1.44 1.92 1.92 2.04 2.52 5.22 
Table 143. (Continued) 
M.S, 
# 
Date 
Mo/day/yr 
Site Depth in feet Total 
4/24/70 
6/4/70 
6/18/70 
7/1/70 
7/16/70 
# 1 2 3 4 5 6 7 8 9 5' 
IL 1.68 2., 04 1.92 1.80 2.76 2.64 3.00 3.36 3.12 10.20 
2L 1.20 lu 08 1.08 1.32 1.44 1.80 2.16 2.16 2.28 6.12 
3L 0.96 0.96 1.08 1.08 1.20 1.80 2.04 2.04 2.04 5.28 
IL 3.67 3,. 73 2.34 2.46 2.72 14.92 
2L 2.80 2.,0k 2.28 2.04 2.16 11.32 
3L 3.08 2.50 1.98 1.93 2.12 11.61 
IR 2.88 3.24 3.48 3.84 3.96 16.80 
2R 1.56 1.92 1.80 1.68 1.68 8.64 
3R 2.04. 1.92 1.92 2.04 1.56 9.48 
IL 2.16 2,64 2.40 1.68 1.80 10.68 
2L 1.80 1.92 2.16 1.80 1.44 9.12 
3L 1.20 1.80 1.44 1.20 1.20 6.84 
IR 2.76 3,12 3.48 3.60 3.84 16.80 
2R 1.44 1.68 1.80 1.68 1.56 8.16 
3R 1.92 1.58 1.68 1.80 1.44 8.52 
IL 2.Oh 2.52 2.28 1.68 1.80 10.32 
2L 1.68 1.80 1.92 1.80 1.44 8.64 
3L 1.08 1.44 1.32 1.20 2.40 7.44 
IR 2.40 3.00 3.36 3.48 3.60 15.84 
2R 1.32 1.44 1.68 1.68 1.44 7.56 
3R 1.32 1.44 1.32 1.44 1.32 6.84 
IL 1.68 2.16 1.92 1.44 1.68 8.88 
2L 1.32 1.44 1.68 1.68 1.44 7.56 
3L 0.96 1.32 1.08 1.08 1.08 5.52 
IR 1.92 2.64 3,00 3.12 3.36 14.04 
2R 1.20 1.20 1.44 1.56 1.32 6.72 
3R 1.20 1.08 1.08 1.20 1.20 5.76 
IL 1.32 1.56 1.44 1.32 1.44 7.08 
2L 1.20 1.20 1.32 1.32 1.32 6.36 
3L 0.84 1.08 1.08 0.96 1.08 5.04 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 12 345 6 7 8 9 5' 
7/29/70 
8/12/70 
6/5/70 
6/17/70 
6/30/70 
IR 1.80 2.52 2.76 3.00 3.24 13.32 
2R 1.08 1.20 1.44 1.44 1.32 6.48 
3R 1.20 1.08 1.08 1.20 1.20 5.76 
IL 1.20 1.44 1.44 1.32 1.32 6.72 
2L 1.20 1.20 1.32 1.32 1.20 6.24 
3L 0.84. 1.20 1.08 0.96 1.08 5.16 
IR 1.68 2.16 2.64 2.88 3.12 11.18 
2R 1.08 1.20 1.32 1.44 1.32 6.36 
3R 1.20 1.08 1.08 1.20 1.20 5.76 
IL 1.20 1.44 1.32 1.20 1.32 6.48 
2L 1.20 1.20 1.32 1.32 1.20 6.24 
3L 0.84 1.20 1.08 0.96 1.08 5.16 
IR 2.64 2.52 2.64 2.52 2.40 12.72 
2R 3.00 2.64 2.40 2.52 2.52 13.08 
3R 2.0Z^ 2.28 2.04 1.44 1.68 9.48 
IL 2.52 2.52 2.28 1.56 1.92 10.80 
2L 2.28 2.64 2.28 2.28 2.04 11.52 
3L 2.52 2.28 2.04 1.44 2.40 10.68 
IR 2.64 2.52 2.64 2.52 2.52 12.84 
2R 2.88 2.64 2.52 2.64 2.64 13.32 
3R 2.04 2.16 2.04 1.68 1.68 9.60 
IL 2.64 2.52 2.40 1.68 2.04 11.28 
2L 2.28 2.64 2.28 2.40 2.16 11.76 
3L 2.40 2.16 2.04 1.68 2.40 10.68 
IR 1.80 2.28 2.52 2.52 2.52 11.64 
2R 2.40 2.40 2.40 2.64 2.76 12.60 
3R 1.44 1.92 1.92 1.80 1.68 8.76 
IL 1.80 2.16 2.28 1.80 2.04 10.08 
2L 1.44 2.40 2.16 2.28 2.16 10.44 
3L 1.44 1.80 2.04 1.92 2.40 9.60 
Table 143. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 1 ?. 3 4 5 6 7 8 9 5' 
7/15/70 
7/28/70 
8/12/70 
6/5/70 
6/17/70 
IR 1.32 1..32 1.68 1.68 2.04 8.04 
2R 1.08 1.68 1.92 2.16 2.16 9.00 
3R 1.08 1„08 1.44 1.80 2.40 7.80 
IL 1.32 1.44 2.16 2.40 2.52 9.84 
2L 1.56 1.68 2.16 2.52 2.64 10.56 
3L 1.08 1.32 1.68 1.80 1.68 7.56 
IR 1.20 1.20 1.56 2.04 2.40 8.40 
2R 1.44 1.20 1.68 2.40 2.64 9.36 
3R 0.96 1.08 1.20 1.44 1.68 6.36 
IL 1.20 1.20 1.32 1.44 1.92 7.08 
2L 1.08 l.,32 1.56 2.04 2.04 8.04 
3L 1.08 0.96 1.08 1.44 2.28 6.84 
IR 1.20 1.20 1.32 1.68 2.28 7.68 
2R 1.32 1.08 1.32 1.92 2.52 8.16 
3R 0.96 0.96 1.08 1.32 1.44 5.76 
IL 1.08 1.20 1.20 1.20 1.92 6.60 
2L 0.96 1.20 1.32 1.80 1.92 7.20 
3L 0.96 0.96 0.96 1.20 2.16 6.24 
IR 3.00 3.12 3.12 2.76 2.76 14.76 
2R 3.12 2.38 2.52 2.76 2.76 14.04 
3R 3.24 3.48 3.36 2.64 2.16 14.88 
IL 3.48 3.50 3.36 3.12 3.24 16.80 
2L 2.76 2.76 2.76 2.40 1,92 12.60 
3L 2.52 2.64 2.40 2.28 2.04 11.88 
IR 3.00 3.12 3.00 2.88 2.76 14.76 
2R 3.00 2.76 2.52 2.76 2.76 13.80 
3R 3.36 3.50 3.36 2.76 2.16 15.24 
IL 3.48 3.60 3.48 3.12 3.24 16.80 
2L 2.64 2.88 2.88 2.64 2.16 13.20 
3L 2.40 2.64 2.52 2.40 2.40 12.36 
Table 143. (Continued) 
W.S. Date 
Mo/day/yr 
Site 
# 
Depth in feet Total 
5" 
6/30/70 
7/15/70 
7/28/70 
8/12/70 
6/3/70 
IR 2.16 2.88 3.00 2.88 2.76 13.68 
2R 2.28 2.52 2.28 2.76 2.76 12.60 
3R 2.64 3.36 3.24 3.,64 2.16 14.04 
IL 2.64 3.36 3.48 3.24 3.24 15.96 
2L 1.80 2.40 2.64 2.52 2.16 11.52 
3L 1.44 2.16 2.16 2.40 2.40 10.56 
IR 1.80 2.52 2.76 2.88 2.76 12.72 
2R 1.80 1.80 1.92 2.52 2.64 10.68 
3R 1.80 2.88 3.00 2.52 2.16 12.36 
IL 2.52 2.64 3.24 3.12 3.24 14.76 
2L 1.32 1.32 1.80 2.16 2.16 10.08 
3L 1.20 1.44 1.92 2.16 2.16 8.88 
IR 1.68 1.92 2.16 2.76 2.76 11.28 
2R 1.56 1.32 1,20 2.04 2.52 8.64 
3R 1.20 2.16 2.76 2.52 2.16 10.80 
IL 1.68 1.92 2.64 3.12 3.24 12.60 
2L 1.20 1.20 1.20 1.44 2.04 7.08 
3L 1.08 1.20 1.32 1.80 2.16 7.56 
IR 1.56 1.80 2.04 2.64 2.64 10.68 
2R 1.56 1.32 1.08 1.68 2.16 7.80 
3R 1.32 1.92 2.64 2.40 2.04 10.32 
IL 1.56 1.92 2.28 2.88 3.12 11.76 
2L 1.20 1.08 1.20 1.32 1.80 6.60 
3L 1.08 1.08 1.20 1.32 1.92 6.60 
IR 2.76 2.76 3.00 2.88 2.64 14.04 
2R 1.92 2.16 1.92 1.92 1.92 9.84 
3R 1.44 1.68 1.44 1.20 1.32 7.08 
IL 2.88 3.12 3.24 3.12 2.88 15.24 
2L 1.92 2.16 2.52 2.16 2.40 11.16 
3L 1.44 1.80 2.04 1.80 1.92 9.00 
Table 143. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
6/18/70 
7/2/70 
7/15/70 
7/29/70 
8/12/70 
Site 
# 
Depth in feet Total 
5' 
IR 2.64 2,. (54 2.88 2.76 2.52 13.44 
2R 1.68 1„92 1.80 1.92 1.92 9.24 
3R 1.32 1.44 1.32 1.20 1.32 6,60 
IL 2.76 3.00 3.12 3.00 2.76 14.64 
2L 1.80 1..92 2.28 2.04 2.16 10.20 
3L 1.32 2.04 1.80 1.92 8.52 
IR 2.04 2.40 2.64 2.64 2.52 12.24 
2R 1.20 l,.'+4 1.44 1.80 1.80 7.68 
3R 1.08 1,.20 1.20 1.08 1.32 5.88 
IL 2.40 2.  .16 2.88 2.76 2.52 13.32 
2L 1.44 1.44 1.68 1.68 1.80 8.04 
3L 1.08 1,. 20 1.68 1.44 1.68 7.08 
IR 1.68 2,,1)4 2.28 2.16 2.16 10.32 
2R 1.08 1.32 1.20 1.44 1.68 6.72 
3R 0.84 1..08 1.08 1.08 1.20 5.28 
IL 1.92 2,40 2.64 2.40 2.28 11.64 
2L 1.32 1.20 1.44 1.32 1.56 6.84 
3L 0.96 1,08 1.32 1.20 1.44 6.00 
IR 1.44 1.68 1.92 1.92 1.92 8.88 
2R 1.08 1.20 1.20 1.32 1.68 6.48 
3R 0.84 0.96 1.08 1.08 1.20 5.16 
IL 1.68 2.04 2.40 2.16 2.16 10.44 
2L 1.32 1.20 1.32 1.32 1.44 6.60 
3L 0.84- 0,96 1.20 1.20 1.32 5.52 
IR 1.44. 1.68 1.68 1.80 1.68 8.28 
2R 1.08 1.08 1.08 1.20 1.56 6.00 
3R 0.78 0.96 0.96 0.96 1.20 4.86 
IL 1.68 2.04 2.16 2.04 2.04 9.96 
2L 1.20 1.20 1.32 1.32 1.44 6.48 
3L 0.84 0.96 1.20 1.08 1.32 5.40 
Table 144. Actual Soil Moisture in Inches at Different Depths at the Fallow Plots (Western Iowa 
Experimental Farm), 1970 
Plot Date Depth in feet Total 
Mo/day/yr Site 1 2 3 4 5 6 7 8 9 5' 
I 6/9/70 T 2.04 2.40 2.88 2.52 2.52 2.88 2.88 2.64 2.64 12.36 
B 2.04 2.28 2.76 2.64 2.52 2.52 2.64 2.52 2.64 12.24 
II T 2.16 2.16 2.76 2.64 2.76 2.88 2.88 2.76 2.76 12.48 
B 2.16 2.40 2.88 2.52 2.64 2.52 2.64 2.52 2.64 12.60 
I 6/23/70 T 2.04 2.04 2.40 2.88 2.52 2.52 2.88 2.88 2.64 11.88 
B 2.04 2.28 2.64 2.52 2.52 2.52 2.64 2.64 2.52 12.00 
II T 2.04 2.16 2.76 2.64 2.64 2.88 2.88 2.76 2.76 12.24 
B 2.16 2.40 2.76 2.76 2.52 2.64 2.52 2.64 2.52 12.60 
I 7/8/70 T 1.92 2.28 2.76 2.64 2.64 2.88 2.88 2.64 2.64 12.24 
B 1.92 2.04 2.64 2.40 2.52 2.52 2.64 2.64 2.64 11.52 
II T 2.04 2.28 2.64 2.52 2.64 2.76 2.76 2.76 2.88 12.12 
B 1.92 2.16 2.64 2.40 2.64 2.52 2.64 2.64 2.64 11.76 
I 7/22/70 T 1.80 2.16 2.64 2.40 2.40 2.76 2.88 2.64 2.64 11.40 
B 1.80 1.92 2.52 2.40 2.40 2.52 2.52 2.52 2.64 11.04 
II T 1.92 2.04 2.52 2.52 2.52 2.76 2.76 2.64 2.76 11.52 
B 1.92 2.16 2.76 2.40 2.64 2.52 2.64 2.52 2.76 11.88 
I 8/4/70 T 1.80 2.16 2.64 2.40 2.40 2.76 2.76 2.64 2.64 11.40 
B 1.80 2.04 2.52 2.40 2.40 2.52 2.52 2.52 2.64 11.04 
II T 1.92 1.92 2.52 2.52 2.52 2.76 2.76 2.64 2.76 11.40 
B 1,92 2.16 2.64 2.40 2.52 2.52 2.52 2.52 2.76 11.64 
I 8/18/70 T 1.68 2.04 2.52 2.28 2.40 2.76 2.76 2.64 2.52 10.92 
B 1.80 1.92 2.52 2.28 2.40 2.40 2.52 2.52 2.52 10.92 
II T 1.92 1.92 2.52 2.52 2.52 2.76 2.76 2.64 2.76 11.40 
B 1.92 2.16 2.64 2.40 2.52 2.40 2.52 2.52 2.76 11.64 
Table 145. Actual Soil Moisture in Inches at Different Depths at Scalped Area (Subsoil Plots), 
Soldier, Iowa, 1970 
Date Depth in feet Total 
Site Mo/day/yr Rep 1 % 3 4 5 6 7 8 9 5' 
(Irrigated) 
2b 6/11/70 I 2.64 3.,36 3.48 3.12 3.00 3.00 3.12 3.00 3.00 15.60 
II 2.88 2„88 2.88 2.76 2.88 2.88 2.64 2.88 2.76 14.28 
8b I 1.92 2.16 2.64 2.88 2.64 2.76 2.64 2.88 2.76 12.24 
II 2.64 2 ,,(54 2.76 2.64 2.76 2.88 2.64 2.64 2.52 13.44 
2b 6/24/70 I 2.64 3.24 3.48 3.36 3.36 3.36 3.36 3.12 3.24 16.08 
II 2.76 3.12 3.12 3.00 3.00 3.12 2.76 3.00 2.88 15.00 
8b I 1.92 3.48 2.88 3.24 2.88 3.00 2.76 3.00 2.88 14.40 
II 2.64 3..00 3.00 2.88 3.00 3.00 2.88 2.40 2.52 14.52 
2b 7/7/70 I 2.52 3,12 3.48 3.24 3.36 3,36 3.36 3.24 3.24 15.72 
II 2.16 2.76 2.88 2.88 3.00 3.12 2.76 3.00 2.88 13.68 
8b I 1.92 3.12 2.88 3.12 2.88 2.88 2.76 3.00 3.12 13.92 
II 2,52 2.76 2.88 2.76 2.88 3.00 2.76 3.00 3.12 13.80 
2b 7/21/70 I 2.88 3.48 3.84 3.60 3.60 3.60 3.60 3.48 3.60 17.40 
II 2.88 3.00 3.00 3.00 3.00 3.12 2.76 3.00 3.00 14.88 
8b I 2.16 3.60 3.00 3.24 2.88 3.00 2.88 3.00 3.12 14.88 
II 3.00 3.36 3.36 3.24 3.36 3.36 3.12 3.36 3.24 16.32 
2b 8/5/70 I 2,76 3.36 3.60 3.48 3.48 3.48 3.60 3.48 3.60 16.68 
II 2.76 2.88 3.00 2.88 3.00 3.12 2.88 3.00 3.00 14.52 
8b I 1.92 3.36 2.76 3.12 2.88 3.00 2.88 3.12 2.88 14.04 
II 2.88 3.12 3.12 3.12 3.24 3.36 3.24 3.48 3.48 15.48 
2b 8/19/70 I 2.52 3.00 3.48 3.36 3.48 3.60 3.60 3.60 H2O in 
pipe 
15.84 
II 2.88 3.00 3.12 3.00 3.12 3.24 3.00 3.12 3.12 15.12 
8b I 1.80 3.36 2.88 3.36 3.12 3.12 3.00 3.36 3,00 14.52 
II 2,64 2.88 3.12 3.00 3.24 3.36 3.24 3.60 3.48 14.88 
Table 145. (Continued) 
Date Depth in f( 
Site Mo/day/yr Rep 12 3 4 5 
(Not Irrigated) 
2b 6/11/70 I 2.76 2.40 2.04 2.04 1.92 
II 2.16 2.52 2.64 2.40 2.16 
8b I 2.52 2.52 2.40 2.28 2.40 
II 2.52 2.40 2.16 2.16 2.40 
6b I 2.64 2.28 2.16 1.68 1.92 
II 2.76 2.52 2.04 1.44 1.80 
01 I 3.00 2.64 2.76 2.76 2.64 
02 I 2.64 2.76 2.64 3.12 2.52 
2b 6/24/70 I 2.40 2.28 2.16 2.04 1.92 
II 1.80 2.28 2.52 2.40 2.16 
8b I 2.16 2.28 2.40 2.40 2.28 
II 2.04 2.28 2.28 2.28 2.52 
6b I 2.88 2.16 2.16 1.80 1.92 
II 2.04 2.40 2.16 1.56 1.68 
01 I 2.88 2.64 2.76 2.88 2.76 
02 I 2.64 2.54 2.64 3.12 2.64 
2b 7/7/70 I 1.44 1.68 1.92 2.04 1.92 
II 0.96 1.44 2.16 2.28 2.16 
8b I 1.32 2.04 2.16 2.40 2.40 
II 1.08 1.56 2.04 2.16 2.40 
6b I 1.20 1.44 2,04 1.92 1.92 
II 1.32 1,44 1.68 1.68 1.80 
01 I 2.04 2.16 2.64 2.76 2.64 
02 I 2.04 2.40 2.52 3.12 2.64 
2b 7/21/70 I 1.32 1.20 1.44 1.92 1.92 
II 0.84 1.08 1.56 2.04 2.16 
8b I 1.08 1.56 1.92 2.28 2.40 
II 1.08 1.20 1.56 2.04 2.40 
Total 
6 7 8 9 5' 
2.16 2.04 2.40 2.64 11.16 
2.40 2.40 2.28 2.16 11.88 
2.52 2.40 2.64 2.52 12.12 
2.40 2.28 2.52 2.64 11.64 
2.16 2.04 2.40 3.12 10.68 
1.92 2.04 2.04 2.04 10.56 
2.76 2.76 2.64 2.64 13.80 
2.88 2.88 2.88 3.00 13.68 
2.16 2.04 2.40 2.52 10.80 
2.28 2.28 2.28 2.16 11.16 
2.52 2.40 2.64 2.52 11.52 
2.52 2.40 2.64 2.64 11.40 
2.16 2.16 2.40 3.12 10.92 
1.92 2.04 1.92 2.04 9.84 
2.88 2.76 2.64 2.64 13.92 
2.88 2.88 3.00 3.00 13.68 
2.16 2.04 2.40 2,52 9.00 
2.40 2.28 2.28 2.16 9.00 
2.52 2.40 2.64 2.52 10.32 
2.52 2.28 2.52 2.64 9.24 
2.04 2.16 2.40 3.00 8.52 
1.92 2.04 1.92 2.04 7.92 
2.88 2.76 2.64 2.76 12.24 
2.76 2.88 2.88 3.12 12.72 
2.16 2.04 2.40 2.52 7.80 
2.40 2.28 2.28 2.04 7.68 
2.52 2.40 2.64 2.52 9.24 
2.40 2.16 2.52 2.64 8.28 
Table 145. (Continued) 
Date Death in feet Total 
Site Mo/day/yr Rep 1 2 3 4 5 6 7 8 9 5' 
6b I 1.08 1.08 1.68 1.92 1.92 2.16 2.04 2.40 3.00 7.68 
II 1.20 1.20 1.32 1.56 1.80 1.92 2.04 2.04 2.04 7.08 
01 I 1.44 1.56 2.40 2.64 2.52 2.76 2.64 2.64 2.76 10.56 
02 I 1.44 2.04 2.40 3.00 2.52 2.76 2.88 2.88 3.00 11.40 
2b 8/5/70 I 1.20 1.08 1.20 1.68 1.92 2.16 2.04 2.40 2.52 7.08 
II 0.84 1.08 1.20 1.68 2.04 2.28 2.28 2.16 2.16 6.84 
8b I 1.08 1.32 1.44 2.04 2.28 2.52 2.40 2.64 2.52 8.16 
II 1.08 1.08 1.32 1.80 2.40 2.40 2.28 2.52 2.64 7.68 
6b I 0.96 0.96 1.32 1.80 1.92 2.04 2.04 2.40 3.12 6.96 
II 1.20 1.20 1.32 1.32 1.80 1.92 2.16 2.04 2.04 6.84 
01 I 1.32 1.44 2.04 2.40 2.52 2.76 2.64 2.52 2.64 9.72 
02 I 1.4Z} 1.92 2.28 2.88 2.40 2.76 2.76 2.88 3.00 10.92 
2b 8/19/70 I 1.20 1.08 1.20 1.44 1.60 2.16 2.04 2.40 2.64 6.52 
II 0.84 0.96 1.20 1.44 1.92 2.16 2.28 2.16 2.16 6.36 
8b I 1.08 1.20 1.32 1.80 2.16 2.52 2.40 2.64 2.52 7.56 
II 1.08 1.08 1.20 1.56 2.04 2.40 2.28 2.52 2.64 6.96 
6b I 1.08 0.96 1.20 1.80 1.92 2.16 2.04 2.52 3.12 6.96 
II 1.20 1.20 1.08 1.32 1.80 1.92 2.16 2.04 2.04 6.60 
01 I 1.32 1.32 1.80 2.28 2.40 2.76 2.64 2.52 2.76 9.12 
02 I 1.32 1.68 2.16 2.88 2.40 2.76 2.76 2.88 3.00 10.44 
Area B 
331a 
Table 146. Actual Soil Moisture in Inches at Different Depths at Watersheds 1 and 2, Treynor, Iowa 
(USDA-ARS), 1968-1970 
W.S. 
# 
Date 
Mb/day/yr 
4/11/68 
4/17/68 
4/25/68 
5/1/68 
5/16/68 
6/3/68 
6/12/68 
Site 
# 
Depth in feet Total 
5' 
7 3.27 2.76 2.65 2.75 3.00 2.63 2.50 2.56 2.80 14.43 
6 3.27 2.50 2.29 2.25 2.31 2.75 3.13 3.00 3.08 12.62 
5 3.27 2.60 2.57 2.81 3.01 3.13 3.14 3.18 3.26 14.26 
4 3.27 2.07 2.42 3.35 3.19 3.42 3.72 3.62 3.45 14.30 
3 3.27 2.57 2.51 3.08 3.53 3.57 3.51 3.82 3.71 14.96 
2 3.27 2.67 2.49 3.31 3.14 3.51 3.99 3.66 3.68 14.88 
1 3.27 2.67 2.41 2.70 3.28 3.52 4.01 4.12 4.17 14.33 
7 3.72 2.86 2.77 2.85 3.14 2.74 2.60 2.72 2.93 15.34 
5 3.72 2.64 2.63 2.86 3.15 3.25 3.19 3.20 3.23 14.82 
2 3.72 2.70 2.37 3.21 3.18 3.59 3.86 3.65 3.62 15.18 
7 4.31 3.11 2.66 2.72 2.85 2.72 2.50 2.54 2.79 15.65 
5 4.31 3.04 2.58 2.72 2.97 3.17 3.11 3.13 3.19 15.62 
2 4.31 3.18 2.49 3.20 3.08 3.50 3.88 3.60 3.57 16.26 
7 3.07 3.41 3.02 2.85 3.08 2.82 2.66 2.62 2.96 15.43 
5 3.07 3.50 3.30 2.88 3.16 3.52 3.39 3.42 3.40 15.91 
2 3.07 3.14 2.73 3.47 3.36 3.62 4.03 3.73 3.88 15.77 
7 3.97 3,08 2.89 2.76 2.98 2.74 2.58 2.62 2.84 15.68 
6 3.97 3.02 2.74 2.32 2.38 2.64 3.16 2.97 3.15 14.43 
5 3.97 3.23 3.11 2.78 3.01 3.21 3.13 3.12 3.17 16.10 
4 3.97 2.69 2.62 3.49 3.21 3.43 3.67 3.53 3.54 15.98 
3 3.97 2.81 2.73 3.08 3.48 3.53 3.41 3.73 3.61 16.07 
2 3.97 3..06 2.61 3.24 3.16 3.48 3.76 3.61 3.60 16.04 
1 3.97 3,.04 2.95 2.86 2.98 3.36 3.72 4.05 4.07 15.80 
7 4.11 3..30 3.14 2.97 3.01 2.80 2.67 2.68 2.95 16.53 
5 4.11 3.51 3.38 3.16 3.30 3.42 3,35 3.42 3.51 17.46 
2 4.11 2.99 2.65 3.49 3.26 3.65 3.96 3.68 3.82 16.50 
7 4.21 3.24 3.15 2.88 2.81 2.82 2.62 2.63 2.93 16.29 
6 4.21 3.20 3.03 2.68 2.47 3.10 3,18 3.10 3.12 16.59 
Table 146. (Continued) 
W.S. Date Site 
# Mo/day/yr # 1 2. 
5 4.21 3.34 
4 4.21 2.70 
3 4.21 2.87 
2 4.21 2.94 
1 4.21 3.03 
6/17/68 7 3.69 3.22 
5 3.69 3.25 
2 3.69 2.86 
6/27/68 7 3.73 3.21 
5 3.73 3.16 
2 3.73 2,69 
7/3/68 7 3.40 3, 27 
5 3.40 3.,23 
2 3.40 2.81 
7/10/68 7 3.10 3.,06 
5 3.10 2„ 95 
2 3.10 2.75 
7/17/68 7 3.70 2.,96 
6 3.70 2.,43 
5 3.70 2JÎ4 
4 3.70 2.16 
3 3.70 2,.68 
2 3.70 2 ,,(54 
1 3.70 2,. 64 
7/23/68 7 2.51 2.64 
5 2.51 2.73 
2 2.51 2.39 
8/1/68 7 3.52 2,46 
5 3.52 2,49 
2 3.52 2.54 
Total Depth in feet 
3 4 5 6 7 8 9  5 '  
3.29 3.10 3.34 3.42 3.43 3.36 3.41 17.28 
3.11 3.68 3.44 3.74 3.88 3.77 3.81 17.14 
2.93 3.53 3.67 3.75 3.67 4.04 4.01 17.21 
2.61 3.43 3.41 3.70 3.95 3.72 3.84 16.60 
2.94 3.20 3.65 3.88 4.23 4.09 4.23 17.03 
3.15 3.04 3.08 2.88 2.63 2.71 3.00 16.18 
3.13 3.02 3.18 3.34 3.22 3.27 3.33 16.27 
2.67 3.41 3.31 3.64 3.80 3.82 3.71 15.94 
3.11 3.04 3.13 2.82 2.63 2.73 2.91 16.22 
3.18 3.04 3.34 3.40 3.38 3.33 3.35 16.45 
2.66 3.39 3.35 3.60 3.97 3.79 3.79 15.82 
3.17 3.13 3.12 2.93 2.67 2.71 2.97 16.09 
3.29 3.08 3.37 3.45 3.39 3.46 3.39 16.37 
2.67 3.56 3.40 4.26 3.97 3.78 4.52 15.84 
3.05 3.02 3.09 2.83 2.63 2.62 2.90 15.32 
3.09 2.98 3.21 3.32 3.29 3.31 3.37 15.33 
2.59 3.45 3.36 3.68 4.02 3.80 3.81 15.25 
3.05 3.02 3.06 2.89 2.74 2.73 3.01 15.79 
2.45 2.79 3.16 3.23 3.25 3.20 3.14 14.53 
3.03 3.05 3.29 3.40 3,35 3.38 3.32 15.91 
2.99 3.61 3.48 3.73 3,90 3.80 3.80 15.94 
2.97 3.60 3.74 3.92 3,74 4.17 4.01 16.69 
2.71 3.40 3.35 3.80 4.02 3.78 3.90 15.80 
2.79 3.18 3.67 3.82 4.16 4.24 4.35 15.98 
2.79 2.83 2.97 2.79 2.56 2.63 2.86 13.74 
2.98 3.08 3.30 3.47 3.40 3.36 3.39 14.60 
2.62 3.42 3.39 3.74 3.95 3.74 3.80 14.33 
2.51 2.79 2.99 2.74 2.57 2.60 2.86 14.27 
2.79 2.93 3.25 3.38 3.39 3.36 3.35 14.98 
3.43 3.36 3.66 4.01 3.77 3.82 3.84 16.51 
Table 145. (Continued) 
W.S, 
# 
Date 
Mo/day/yr 
8/6/68 
8/14/68 
8/21/68 
8/28/68 
9/6/68 
9/20/68 
4/10/69 
Site 
# 
Depth in feet Total 
5* 
7 3.47 2.66 2.65 2.87 3.08 2.94 2.72 2.70 3,00 14.73 
5 3.47 2.40 2.65 2.87 3.20 3.38 3.27 3.37 3,37 14.59 
2 3.47 2.16 2.41 3.16 3.17 3.46 3.79 3.54 3.64 14.37 
7 3.31 2.50 2.67 3.10 2.83 2.67 2.70 2.97 2.85 14.41 
5 3.31 2.40 2.77 2.91 3.31 3.41 3.37 3.12 3.45 14.70 
2 3.31 2.12 2.26 3.30 3.16 3.53 3.94 3.82 3.79 14.15 
7 3.81 2.51 2.41 2.60 2.90 2.85 2.61 2.59 2.90 14.23 
6 3.81 2.11 2.01 2.34 2.85 3.18 3.24 3.22 3.05 13.12 
5 3.81 2.35 2.59 2.82 3.19 3.29 3.36 3.37 3.40 14.76 
4 3.81 1.79 2.54 3.46 3.22 3.58 3.80 3.71 3.60 14.82 
3 3.81 2.15 2.35 3.33 3.53 3.66 3.54 3.93 3.91 15.17 
2 3.81 2.10 2.22 3.25 3.17 3.49 3.78 3.72 3.76 14.55 
1 3.81 2.22 2.53 2.97 3.51 3.81 4.20 4.15 4.24 15.04 
7 4.19 2.30 2.18 2.38 2.67 2.65 2.51 2.61 2.89 13.72 
5 4.19 2.32 2.50 2.82 3.18 3.27 3.33 3.34 3.41 15.01 
2 4.19 2.07 2.14 3.19 3.11 3.53 4.00 3.73 3.83 14.70 
7 4.36 2.33 2.19 2.30 2.71 2.65 2.51 2.52 2.81 13.89 
5 4.36 2.22 2.39 2.72 3.04 3.16 3.15 3.32 3.32 14.73 
2 4.36 2.04 2,02 3.09 3.00 3.40 3.78 3.62 3.69 14.51 
7 4.47 2.34 2.21 2.30 2.53 2.53 2.46 2.50 2.83 13.85 
6 4.47 2.23 1.98 1.78 2.56 2.91 3.18 3.00 3.03 13,02 
5 4.47 2.15 2.23 2.46 2.81 3.12 3.11 3.19 3.19 14.12 
4 4.47 2.10 2.07 3.27 3.12 3.38 3.59 3.48 3.61 15.03 
3 4.47 2.57 2.07 2.64 3.30 3.39 3.39 3.69 3.68 15.05 
2 4.47 1.96  2.03 3.02 3.02 3.32 3.76 3.64 3.63 14.50 
1 4.47 2.65  2.13 2.67 3.27 3.50 3.98 4.05 4.12 15.19 
7 4.78 3.58  3.52 3.68 3.55 3.14 2.81 2.80 2.99 19.11 
6 4.78 3.29 3.70 3.12 3.03 3.31 3.34 3.20 3.21 17.92 
5 4.78 3.07 3.33 3.05 3.18 3.36 3.34 3.31 3.33 17.41 
3 4.78 2.85 2.85 3.54 3.54 3.65 3.52 3.78 3.79 17.56 
Table 146. (Continued) 
W.S. Date 
Mo/day/yr 
Site 
# 
Depth in feet Total 
5' 
4/21/69 
5/27/69 
6/10/69 
6/18/69 
6/26/69 
7/1/69 
7/8/69 
7/23/69 
2 
1 
7 
5 
2 
7 
6 
5 
4 
3 
2 
1 
7 
5 
2 
7 
5 
2 
7 
5 
2 
7 
6 
5 
4 
3 
2 
1 
7 
5 
2 
4.78 
4.78 
4.15 
4.15 
4.15 
4.21 
4.21 
4.21 
4.21 
4.21 
4.21 
4.21 
4.31 
4.31 
4.31 
4.37 
4.37 
4.37 
4.01 
4.01 
4.01 
4.05 
4.05 
4.05 
4.05 
4.05 
4.05 
4.05 
4.06 
4.06 
4.06 
3.21 
3.27 
3.46 
3.51 
3.28 
3.18 
3.10 
3.35 
2.82 
2.87 
3.13 
3.14 
3.36 
3.47 
2.98 
3.38 
3.58 
3.01 
3.28 
3.43 
3.02 
3.17 
3.22 
,30 
,93 
.66 
,82 
,10 
3„47 
3» 4 7 
3.19 
2.74 
3.03 
3.35 
3.54 
3.01 
3.46 
3.59 
3.34 
3.58 
2.89 
2.79 
3.14 
3.30 
3.50 
2.82 
4.52 
3.54 
3.25 
3.33 
3.51 
2.79 
3.26 
3.47 
3.43 
2.99 
2.74 
2.58 
3.35 
3.44 
3.38 
3.46 
3.63 
3.44 
3.70 
3.44 
3.63 
3.69 
3.36 
3.47 
3.79 
3.58 
3.46 
3.44 
3.57 
3.53 
3.71 
4.10 
3.60 
3.86 
3.48 
3.70 
3.45 
3.40 
3.32 
3.41 
4.13 
3.29 
3.53 
3.73 
3.68 
3.39 
3.68 
3.50 
3.77 
3.73 
3.46 
3.85 
3.69 
3.29 
3.54 
3.51 
3.90 
3.66 
3.77 
3.72 
3.78 
3.56 
3.89 
3.70 
3.79 
3.59 
3.74 
3.76 
3.56 
3.36 
3.61 
3.90 
3.72 
3.39 
3.95 
3.83 
3.73 
3.70 
3.72 
3.78 
3.61 
3.35 
3.72 
3.51 
3.50 
3.56 
3.64 
3.82 
3.63 
3.95 
3.54 
3.86 
3.83 
3.80 
3.69 
3.83 
3.59 
3.66 
3.78 
3.39 
3.63 
3.76 
3.97 
3.89 
3.61 
4.21 
3.63 
3.73 
3.68 
3.91 
4.20 
3.05 
3.22 
3.98 
3.30 
3.39 
3.50 
3.82 
3.81 
3.85 
4.25 
3.33 
3.75 
4.12 
4.38 
71 
95 
42 
68 
04 
23 
74 
77 
22 
77 
89 
20 
42 
3.59 
4,03 
3.74 
4.16 
2.78 
3.39 
3.93 
3.09 
3.35 
3.36 
3.86 
4.05 
3.82 
4.15 
3.24 
3.65 
3.87 
3.18 
3.69 
3.99 
3.14 
3.67 
4.09 
3.16 
3.56 
3.70 
4.06 
4.02 
3.63 
4.21 
3.27 
3.73 
3.92 
3.77 
3.72 
2.92 
3.35 
3.85 
3.26 
3.23 
3.42 
3.77 
3.88 
3.83 
4.19 
3.36 
3.70 
3.98 
4.61 
3.67 
3.96 
3.39 
3.65 
3.96 
3.24 
3.54 
3.64 
4.14 
3.89 
3.69 
4.18 
3.35 
3.52 
4.07 
17.86 
18.29 
18.39 
18.10 
17.92 
18.23 
17.55 
17.91 
17.91 
17.45 
17.25 
17.70 
18.26 
18.59 
17.38 
20.26 
18.79 
18.28 
17.76 
18.39 
17.03 
17.44 
17.42 
17.80 
18.00 
16.46 
16.37 
18.18 
18.48 
18.03 
18.09 
Table 146. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
8/6/69 
8/12/69 
8/28/69 
9/9/69 
9/26/69 
4/3/70 
Site 
# 
Depth in feet Total 
5' 
7 3.31 3.25 3.22 3.48 3.59 3.55 3.41 3.32 3.44 16.85 
5 3.31 3.11 3.39 3.33 3.56 3.59 3.63 3.58 3.61 16.70 
2 3.31 2.75 2.86 3.63 3.64 3.84 3.99 3.90 3.90 16.19 
7 3.58 3.2,1 3.19 3.35 3.60 3.50 3.37 3.36 3.45 16.93 
5 3.58 2.9'7 3.82 3.43 3.92 3.70 3.89 4.09 4.04 17.72 
2 3.58 3.05 3.38 3.91 4.01 4.32 4.28 4.17 4.10 17.93 
7 3.63 3.13 3.19 3.44 3.39 3.34 3.30 3.25 3.37 16.78 
6 3.63 2.79 2.82 2.89 3.04 3.46 3.67 3.48 3.52 15.17 
5 3.63 2.88 3.11 3.26 3.56 3.58 3.73 3.68 3.78 16.44 
4 3.63 2.60 3.03 3.87 3.56 3.87 3.95 3.91 3.78 16.69 
3 3.63 2.40 2.47 3.70 3.94 3.04 3.97 4.24 4.24 16.14 
2 3.63 2.78 2.55 3.59 3.52 3.72 3.59 3.88 3.88 16.07 
1 3.63 2.46 2.73 3.24 3.81 4.03 4.24 4.38 4.35 15.87 
7 3.90 3.19 3.02 3.13 3.43 3.41 3.20 3.21 3.37 16.67 
5 3.90 2.71 2.91 3.15 3.37 3.55 3.41 3.47 3.60 16.04 
2 3.90 2.77 2.49 3.41 3.27 3.67 3.99 3.77 3.86 15.84 
7 3.90 3.17 3.06 3.01 3.35 3.27 3.11 3.10 3.26 16.49 
6 3.90 2.97 2.73 2.70 2.84 3.40 3.54 3.44 3.43 15.14 
5 3.90 2.75 2.67 2.92 3.01 3.31 3.50 3.41 3.42 15.25 
4 3.90 2.79 2.66 3.65 3.54 3.65 3.91 3.80 3.59 16.54 
3 3.90 2.45 2.43 2.75 3.82 3.86 3.93 4.15 4.12 15.35 
2 3.90 2.81 2.54 2.94 3.31 3.50 3.86 3.85 3.83 15.50 
1 3.90 2.60 2.81 3.29 3.82 4.11 4.28 4.35 4.30 16.42 
7 3.50 3.33 3.17 3.35 3.47 2.70 2.84 2.76 3.03 16.82 
6 3.10 3.00 2.78 2.93 2.79 2.99 3.23 3.08 3.24 14.60 
5 3.50 3.31 3.15 2.94 3.12 3.32 3.20 3.29 3.28 16.02 
4 3.10 2.89 2.81 3.73 3.46 3.56 3.75 3.69 3.85 15.99 
3 3.10 2.81 2.71 3.18 3.57 3.65 3.59 3.79 3.72 15.37 
2 3.10 2.97 2.58 3.38 3.41 3.59 3,97 3.74 3.84 15.44 
1 3.05 2.88 2.71 2.90 3.40 3.60 3.94 3.96 4.05 14.94 
Table 146. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 123456789 5' 
4/17/70 
5/20/70 
5/28/70 
6/4/70 
6/10/70 
6/18/70 
7 3.16 3.49 3.40 3.48 3.45 3.24 2.93 2.78 3,.01 16.98 
6 3.12 3.20 3.33 3.02 2.78 3.01 3.26 2.99 3,14 15.45 
5 3.40 3.50 3.31 2.93 3.15 3.30 3.20 3.29 3.29 16.29 
4 3.40 3.14 2.91 3.79 3.42 3.52 3.76 3.64 3.82 16.66 
3 3.28 2.88 2.89 3.30 3.48 3.62 3.47 3.87 3.68 15.83 
2 3.22 3.03 2.55 3.30 3.24 3.55 3.79 3.66 3.70 15.34 
1 3.28 3.10 2.97 3.15 3.51 3.64 4.06 4.09 4.08 16.01 
7 3.50 3.43 3.39 3.61 3.73 3.39 2.90 2.86 3.05 17.66 
6 3.38 3.27 3.44 3.15 3.17 3.41 3.35 3.02 3.23 16.41 
5 3.34 3.45 3.26 3.17 3.34 3.36 3.37 3.33 3.40 16.56 
4 3.26 2.89 3.35 3.86 3.52 3.70 3.84 3.68 3.71 16.88 
3 3.32 2.84 2.82 3.37 3.73 3.85 3.73 3.97 3.89 16.08 
2 2.90 3.01 3.54 3.45 3.38 3.50 3.84 3.73 3.76 16.28 
1 3.44 3.30 3.09 3.19 3.24 3.52 3.77 4.19 4.22 16.26 
7 3.24 3.37 3.29 3.47 3.67 3.49 3.03 2.96 3.08 17.04 
5 3.42 3.40 3.29 3.30 3.41 3.41 3.42 3.37 3.41 16.82 
2 2.88 2.91 2.62 3.52 3.41 3.64 3.88 3.70 3.76 15.34 
7 3.18 3.25 3.21 3.54 3.59 3.43 3.13 2.95 3.12 16.77 
6 3.10 3.28 3.43 3.08 3.21 3.40 3.37 3.30 3.22 16.10 
5 3.40 3.37 3.21 3.27 3.35 3.53 3.61 3.49 3.51 16.60 
4 3.28 2.92 3.48 3.94 3.61 3.89 4.10 3.93 3.92 17.23 
3 3.16 2.79 2.91 3.55 3.90 3.99 3.92 4.13 4.03 16.31 
2 3.02 2.92 2.66 3.55 3.43 3.73 4.00 3.86 3.89 15.58 
1 3.48 3.33 3.13 3.28 3.58 3.81 4.27 4.30 4.49 16.80 
7 2.90 3.05 3.07 3.26 3.41 3.21 2.95 2.83 2.97 15.69 
5 3.14 3.11 3.26 3.13 3.31 3.35 3.29 3.19 3.30 15.95 
2 2.64 2.89 2.62 3.40 3.39 3.46 3.81 3.64 3.73 14.94 
7 2.88 3.09 3.05 3.27 3.45 3.21 3.01 2.90 2.91 15.74 
5 3.14 3.08 3.18 3.14 3.26 3.38 3.36 3.28 3.43 15.80 
2 2.72 2.67 2.49 3.43 3.34 3.75 3.83 3.82 3.75 14.65 
Table 146. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 1 2 3 4 5 6 7 89 5* 
6/25/70 7 2.94 3.12 3.11 3.30 3.55 3.31 3.06 2.89 3.03 16.02 
5 2.28 3,18 3.07 2.96 3.20 3.38 3.30 3.27 3.31 14.69 
2 2.78 2.89 2.63 3.40 3.52 3.66 3.85 3.72 3.25 15.22 
7/1/70 7 2.68 2.97 3.05 3.41 3.27 3.00 2.99 2.94 2.92 15.38 
5 2.54 2.90 2.94 2.84 3.08 3.32 3.28 3.26 3.35 14.30 
2 2.56 2.72 2.47 3.28 3.40 3.47 3.61 3.72 3.76 14.43 
7/9/70 7 2.64 3., 07 3.22 3.46 3.73 3.49 3.28 3.22 3.22 16.12 
6 2.52 2..88 3.02 3.02 3.23 3.49 3,29 3.14 2.96 14.67 
5 2.48 2.85 3.07 3.25 3.38 3.58 3.56 3.54 3.51 15.03 
4 1.78 1.86 2.55 3.14 3.41 3.75 3.83 3.90 3.89 12.74 
3 2.02 2.03 2.53 3.63 3.81 3.99 4.04 4.06 4.04 14.02 
2 2.32 2,.64 2.66 3.49 3.59 3.74 3.76 3.85 3.88 14.70 
1 2.68 3.09 3.31 3.57 3.89 4.28 4.38 4.45 4.43 16.54 
7/16/70 7 2.28 2,.02 2.46 2.81 3.08 3.30 3.25 3.00 2.92 12.65 
5 2.18 2. .49  2.89 2.99 3.34 3.44 3.43 3.41 3.38 13.89 
2 2.00 2. .37  2.63 3.31 3.58 3.73 4.01 3.88 3.88 13.89 
7/22/70 7 2.40 2.. 157 2.85 3.15 3.52 3.40 3.22 3.07 3.14 14.59 
5 2.24 2.52 2.90 3.09 3.34 3.37 3.43 3.46 3.49 14.09 
2 2.22 2.46 2.47 3.40 3.46 3.59 3.65 3.69 3.73 14.01 
7/30/70 7 2.44 2.61 2.75 3.14 3.50 3.35 3.19 3.11 3.16 14.44 
5 2.08 1.80 2.13 3.66 3.54 3.65 3.74 3.76 3.85 13.21 
2 2.22 2.45 3.01 3.56 3.40 3.80 3.91 3.81 3.77 14.64 
8/5/70 7 2.48 2.50 2.62 2.93 3.29 3.21 3.00 2.86 3.05 13.82 
5 2.04 2.29 2.63 2.72 3.02 3.21 3.24 3.28 3.27 12.70 
2 2.42 2.50 3.19 3.30 3.25 3.42 3.73 3.65 3.60 14.66 
8/19/70 7 2.48 2.56 2.57 2.75 2.93 3.06 3.02 2.93 3.05 13.29 
5 2.24 2.44 2.69 3.00 3.21 3.29 3.36 3.40 3.40 13.58 
2 2.22 2.35 2.51 2.92 3.29 3.58 3.74 3.84 3.89 13.29 
9/4/70 7 2.32 2.53 2.49 2.76 3.18 2.97 2.83 2.82 3.07 13.28 
6 1.98 2.10 2.14 2.27 2.64 3.01 3.25 3.10 3.18 11.13 
Table 146, (Continued) 
W,S. Date Site 
# Mo/day/yr # 12 
5 2.20 2.42 
4 1.98 1.94 
3 2.10 1.79 
2 1.94 2.09  
1 2.38 2.20  
9/11/70 7 2.42 2.65 
5 2.16 2.40 
2 2.32 2.33 
9/30/70 7 2.86 2.57  
5 2.44 2.43 
2 2.64 2.59 
4/10/68 5 3.70 2.56 
4 3.70 2.83 
3 3.70 2.76 
2 3.70 2.28 
1 3.70 3.25 
4/17/68 5 3.80 2.61 
3 3.80 2.98 
2 3.80 2.27 
4/25/68 5 4.02 3.50 
3 4.02 3.65 
2 4.02 3.20 
5/1/68 5 3.30 3.12 
3 3.30 3.43 
2 3.30 3.02 
5/16/68 5 4.19 3.50 
4 4.19 3.61 
3 4.19 3.27 
2 4.19 3.14 
1 4.19 3.68 
Depth in feet Total 
5 6 7 8 9 5' 
2.61 2.75 3.10 3.28 3.28 3.31 3.26 13.08 
1.86 2.85 3.32 3.42 3.72 3.76 3.88 11.95 
1.84 2.37 3.39 3.59 3.57 3.77 3.71 11.49 
2.15 2.65 2.92 3.19 3.45 3.51 3.56 11.75 
2.25 2.90 3.40 3.58 3.75 4.21 4.27 13.13 
2.62 2.85 3.20 3.07 2.94 3.02 3.17 13.74 
2.69 2.85 3.16 3.27 3.32 3.32 3.46 13.26 
2.39 3.24 3.26 3.51 3.88 3.78 3.68 13.54 
2.45 2.64 3.04 2.80 2.71 2.75 2.92 13.56 
2.66 2.84 3.13 3.30 3.27 3.33 3.31 13.50 
2.39 3.33 3.22 3.61 3.99 3.72 3.77 14.17 
2.59 2.29 2.87 2.77 3.00 3.04 2.90 14.01 
2.91 2.97 2.92 3.26 3.18 3.08 2.87 15.33 
2.90 3.23 3.13 3.19 3.12 3.17 3.10 15.72 
2.01 2.38 2.82 2.96 3.16 3.39 3.61 13.19 
3.25 3.34 3.78 4.08 4.07 4.39 4.30 17.32 
2.59 2.49 2.76 2.84 3.02 3.04 3.00 14.25 
3.06 3.45 3.31 3.37 3.26 3.31 3.19 16.60 
2.05 2.50 2.92 3.11 3.30 3.58 3.71 13.54 
2.90 2.58 3.16 3.11 3.34 3.31 3.27 16.16 
3.45 3.60 3.45 3.50 3.32 3.49 3.39 18.17 
2.13 2.58 2.97 3.33 3.38 3.77 3.95 14.90 
2.59 2.36 2.88 2.81 3.08 3.27 3.31 14.25 
3.44 3.36 3.32 3.17 3.69 3.40 3.38 16.85 
2.11 2.40 2.80 3.12 3.22 3.59 3.78 13.63 
3.23 2.54 3.00 3.03 3.26 3.24 3.18 16.46 
3.59 3.28 3.31 3.28 3.41 3.22 3.03 17.98 
3.43 3.54 3.45 3.48 3.34 3.32 3.29 17.88 
2.53 2.44 2.87 3.19 3,27 3.62 3.80 15.17 
3.63 3.48 4.06 4.24 4,21 4.50 4.47 19.04 
Table 146. (Continued) 
W.S. Date 
Mo/day/yr 
Site 
# 
Depth in feet Total 
5' 
6/3/68 
6/12/68 
6/17/68 
6/27/68 
7/3/68 
7/10/68 
7/17/68 
7/24/68 
8/2/68 
5 4.01 3.50 3.11 2.55 3.12 2.96 3.26 3.32 3.09 16.29 
3 4.01 3.47 3.51 3.71 3.56 3.58 3.37 3.59 3.32 18.26 
2 4.01 3.33 2.71 2.58 3.13 3.31 3.50 3.74 3.91 15.76 
5 4.26 3.39 2.98 2.58 3.10 3.03 3.28 3.22 3,17 16,31 
4 4.26 3.01 3.55 3.61 3.46 3.53 3.44 3.50 3,36 17.89 
3 4.26 3.39 3.42 3.54 3.51 3.48 3.31 3.47 3.41 18.12 
2 4.26 3.11 2.77 2.57 3.10 3.25 3.43 3.64 3.83 15.81 
1 4.26 3.74 3,66 3.66 4.04 4.27 4.24 4.48 4.52 19.36 
5 3.83 3.36 3.60 3.54 2.97 3.00 3.29 3.24 3.19 17.30 
3 3.83 3.34 3.40 3.69 3.38 3.51 3.38 3.46 3.34 17.64 
2 3.83 3.11 2.85 2.49 2.98 3.16 3.37 3.69 3.76 15.26 
5 3.55 3.30 3.15 2.80 3.06 2.85 3.05 3.11 3.05 15.86 
3 3.55 2.38 3.05 3.20 3.47 3.31 3.17 3.20 3.33 15.65 
2 3.55 3.14 2.77 2.56 3.08 3.23 3.47 3.68 3.57 15.10 
5 2.90 3.29 3.27 2.90 3.04 2.94 3.13 3.25 3.07 15.40 
3 2.90 3.12 3.29 3.47 3.53 3.29 3.21 3.39 3.30 16.31 
2 2.90 3.02 2.78 2.79 3.22 3.36 3.60 3.90 3.60 14.71 
5 3.39 3.10 3.14 2.80 3.08 2.94 3.14 3.13 3.06 15.51 
3 3.39 3.00 3.17 3.45 3.30 3.36 3.21 3.35 3.24 16.31 
2 3.39 2.73 2.75 2.64 2.93 3.14 3.33 3.16 3.75 14.44 
5 3.74 3.17 3.19 2.88 3.08 2.99 3.20 3.18 3.11 16,06 
4 3.74 3.28 2.46 3.33 3.53 3.44 3.55 3.30 3.05 16,34 
3 3.74 3.05 3.30 3.44 3.51 3.37 3.26 3.46 3.38 17.04 
2 3.74 2.78 2.77 2.82 3.28 3.27 3.57 3.84 3.67 15,39 
1 3.74 3. fil 3.42 3.79 4.08 4.11 4.34 4.35 4.59 18,54 
5 2.61 3.01 3.18 2.85 3.08 2.94 3.24 3.18 3,07 14,73 
3 2.61 2.93 3.07 3.44 3.44 3.30 3.36 3.48 3,27 15,49 
2 2.61 2.49 2.66 2.79 3.12 3.34 3.46 3.70 3.58 13,67 
5 2.96 2.54 2.77 2.61 2.89 2.82 2.95 3.05 2,92 13,77 
3 2.96 2.72 3.01 3.31 3.37 3.29 3.14 3.34 3.34 15,37 
2 2.96 2.08 2.18 2.56 2.83 3.09 3.13 2.52 3.66 12,61 
Table 146. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 1 2345 6 7 89 5' 
8/6/68 5 3.34 2.62 2.62 2.61 2.96 2.83 3.00 3.06 2.93 14.15 
3 3.34 2.79 3.05 3.41 3.43 3.35 3.18 3.41 3.29 16.02 
2 3.34 2.18 2.37 2.64 3.15 3.27 3.43 3.63 3.52 13.68 
8/14/68 5 3.68 2.74 2.90 2.70 3.26 3.12 3.35 3.49 3.28 15.28 
3 3.68 2.59 2.86 3.25 3.19 3.22 3.19 3.32 3.12 15.57 
2 3.68 2.0'9 2.14 2.48 2.93 3.08 3.35 3.54 3.74 13.32 
8/22/68 5 3.50 2.59 2.65 2.49 3.01 2.97 3.14 3.16 3.10 14.24 
4 3.50 2.72 3.06 3.10 3.40 3.37 3.40 3.21 3.03 15.78 
3 3.50 2.64 2.98 3.27 3.33 3.28 3.22 3.39 3.24 15.72 
2 3.50 2.12 2.17 2.59 3.05 3.21 3.46 3.67 3.54 13.43 
1 3.50 3.14 3.17 3.57 3.93 4.00 4.17 4.26 4.45 17.31 
8/28/68 5 3.22 2.46 2.49 2.37 2.93 2.86 3.05 3.08 3.01 13.47 
3 3.22 2.62 2.93 3.33 3.36 3.29 3.29 3.43 3.28 15.46 
2 3.22 2.03 2.09 2.51 2.99 3.18 3.28 3.49 3.51 12.84 
9/6/68 5 4.29 2.54 2.39 2.17 2.71 2.77 3.01 3.06 2.87 14.10 
3 4.29 2.49 2.73 3.25 3.22 3.27 3.15 3.29 3.09 15.98 
2 4.29 2.02 2.01 2.35 2.82 3.02 3.27 3.44 3.70 13.49 
9/20/68 5 4.43 2.68 2.50 2.28 2.76 2.93 3.15 3.14 3.13 14.65 
4 4.43 2.40 2.58 2.91 3.04 3.21 3.30 3.16 2.88 15.36 
3 4.43 2.31 2.63 3.25 3.14 3.29 3.13 3.24 3.19 15.76 
2 4.43 2.07 2.01 2.37 2.73 2.98 3.16 3.39 3.72 13.61 
1 4.43 3.36 3.14 3.02 3.50 3.75 3,92 3.95 4.27 17.45 
4/9/69 5 4.46 3.46 3.30 2.76 3.31 3.16 3.33 3.34 3.29 17.29 
4 4.46 3,57 3.70 3.45 3.30 3.28 3.32 3.17 3.87 18.48 
3 4.46 3.41 3.54 3.36 3.33 3.14 3.11 3.30 3.19 18.10 
2 4.46 3.33 3.30 3.02 3.04 3.08 3,18 3.55 3.70 17.15 
1 4.46 3.,72 3.78 3.66 4.05 4.23 4.14 4.56 4.43 19.67 
4/21/69 5 4.04 3„68 3.63 3.46 3.60 3.33 3.48 3.39 3.31 18.41 
3 4.04 3., .'52 3.74 3.74 3.75 3.51 3.20 3.22 3.24 18.79 
2 4.04 3,.33 3.23 3.27 3.40 3.45 3.34 3.54 3.71 17.27 
Table 146. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
Site 
# 
Depth in feet Total 
5' 
5/27/69 
6/9/69 
7/1/69 
7/23/69 
8/6/69 
8/12/69 
8/28/69 
9/9/69 
5 3.46 3., (53 3.42 3.44 3.82 3.73 3.77 3.59 3.53 17.77 
4 3.46 3» 96 4.19 3.95 4.02 3.91 3.82 3.58 3.45 19.58 
3 3.46 3J37 3.52 3.99 3.97 3.76 3.66 3.70 3.57 18.61 
2 3.46 3,. 34 3.18 3.40 3.50 3.66 3.73 3.89 3.74 16.88 
1 3 46 3.95 4.02 4.06 4.38 4.39 4.43 4.63 4.60 19.87 
5 3.12 3,51 3.33 3.20 3.67 3.63 3.60 3.62 3.47 16.83 
3 3.12 3 ,,(57 3.96 3.86 3.85 3.75 3.70 3.61 3.72 18.46 
2 3.12 3,27 3.17 3.23 3.56 3.63 3.68 3.95 4.00 16.35 
5 4.25 3.(54 3.47 3.39 3.77 3.72 3.70 3.77 3.62 18.52 
3 4.25 4.01 3.92 3.98 3.82 3.86 3.80 3.86 3.81 19.98 
2 4.25 3,46 3.30 3.34 3.64 3.68 3.69 3.97 4.05 17.99 
5 3.77 3.65 3.55 3.36 3.82 3.74 3.82 3.77 3.67 18.15 
3 3.77 3.84 3.86 3.87 4.04 3.71 3.66 3.76 3.64 19.38 
2 3.77 3.34 3.13 3.24 3.61 3.62 3.74 3.95 4.01 17.09 
5 3.85 3.36 3.36 3.26 3.59 3.63 3.61 3.57 3.35 17.42 
3 3.85 3.47 3.75 3.82 3.74 3.55 3.54 3.63 3.49 18.63 
2 3.85 3.30 3,09 3.21 3.45 3.53 3.59 3.76 3.96 16.90 
5 3.13 3.31 3.44 3.21 3.66 3.74 3.80 3.72 3,65 16.75 
3 3.13 3.36 3.66 3.85 3.86 3.70 3.67 3.75 3,69 17.86 
2 3.13 3.13 3.06 3.30 3.47 3.64 3.76 3.94 4,05 16.09 
5 3.19 3.20 3.23 3.15 3.70 3.67 3.66 3.71 3.55 16.47 
3 3.19 3.29 3.52 3.64 3.80 3.84 3.91 3.97 3.99 17.44 
2 3.19 3.01 3.06 3.38 3.51 3.72 3.91 4.14 4.16 16.15 
5 3.52 3.56 3.56 3.54 3.37 3.75 3,69 3.62 3.65 17.55 
4 3.52 3.12 3.39 3.34 3.55 3.43 3.51 3.38 3.25 16.92 
3 3.52 2.91 3.34 3.63 3.75 3.51 3.52 3.67 3.54 17.15 
2 3.52 2.80 2.71 2.91 3.27 3.45 3.69 3.91 3.94 15.21 
1 3.52 3.25 3.33 3.48 3.97 4.10 4.13 4.42 4.48 17.55 
5 3.94 3.66 3.62 3.46 3.81 3.69 3.75 3.72 3.52 18.49 
3 3.94 3.03 3.38 3.56 3.67 3.52 3.41 3.60 3.56 17.58 
2 3.94 3.07 2.54 2.84 3.19 3.38 3.46 3.77 3.89 15.58 
Table 146, (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
9/25/69 
4/3/70 
4/16/70 
5/21/70 
5/28/70 
6/4/70 
6/10/70 
Site 
# 
Depth in feet Total 
5' 
5 3.23 3.58 3.42 3.36 3.78 3.71 3.81 3.75 3.61 17.37 
4 3.23 3.70 3.59 3.33 3.52 3.57 3.79 3.84 3.76 17.37 
3 3.23 2.94 3.14 3.50 3.37 3.48 3.37 3.43 3.40 16.18 
2 3.23 2.86 2.63 2.92 3.24 3.47 3.64 3.83 3.86 14.88 
1 3.23 2.97 2.82 2.92 3.30 3.46 3.64 3.84 3.91 15.24 
5 3.72 3.51 3.31 3.00 3.52 3.48 3.51 3.57 3.47 17.06 
4 2.76 3.48 3.66 3.46 3.54 3.48 3.59 3.41 3.19 16.90 
3 3.06 3.26 3.33 3.57 3.61 3.38 3.31 3.55 3.50 16.83 
2 3.22 3.27 3.15 2.99 3.14 3.28 3.39 3.69 3.82 15.77 
1 3.16 3.55 3.56 3.59 4.00 4.24 4,20 4.53 4.44 17.86 
4 3.34 3„74 3.71 3.47 3.45 3.44 3.50 3.31 3.10 17.71 
3 3.12 3.29 3.36 3.40 3.45 3.29 3.28 3.43 3.39 16.62 
2 3.38 3.37 3.23 2.99 3.04 3.11 3.27 3.46 3.69 16.01 
1 3.28 3.62 3.56 3.46 3.91 4.25 4.14 4.48 4.42 17.83 
5 3.36 3.48 3.31 3.19 3.41 3.45 3.54 3.45 3.31 16.75 
4 3.04 3.,53 3.70 3.57 3.62 3.41 3.44 3.32 3.10 17.46 
2 4.04 3.92 3.66 3.61 3.82 3.83 3.80 3.93 3.88 19.05 
1 3.40 3.,64 3.50 3.90 4.16 4.13 4.40 4.51 4.45 18.60 
5 3.52 3.,50 3.40 3.27 3.56 3.56 3.69 3.66 3.50 17.25 
3 2.70 3.,47 3.59 3.58 3.62 3.39 3.35 3.42 3.72 16.96 
2 2.26 3„21 3.09 3.16 3.44 3.48 3,63 3.81 3.68 15.16 
5 3.84 3„63 3.60 3.40 3.80 3.74 3,99 3.90 3.83 18.27 
4 3.28 3„71 3.83 3.68 3.82 3.69 3.73 3.54 3.37 18.32 
3 2.74 3„37 3.47 3.51 3.50 3.42 3.36 3.30 3.59 16.59 
2 3.30 3,.20 3.07 3.26 3.44 3.46 3.64 3.81 3.86 16.27 
1 3.58 3,73 3.55 4.00 4.27 4.30 4.46 4.46 4.62 19.13 
5 3.44 3.42 3.40 3.16 3.60 3.53 3.74 3.61 3.46 17.02 
3 2.56 3.16 3.35 3.38 3.31 3.25 3.29 3.47 3.53 15.76 
2 3.18 3.14 3.03 3.09 3.33 3.43 3.60 3.72 3.76 15.77 
Table 146. (Continued) 
W.S. 
# 
Date 
Mo/day/yr 
Site 
# 
Depth in feet Total 
5' 
6/18/70 
6/25/70 
7/1/70 
7/9/70 
6/16/70 
7/22/70 
7/30/70 
8/5/70 
8/19/70 
5 3.34 3, ,18 3.18 2.99 3.37 3.44 3.52 3.59 3.43 16.06 
3 2.80 3. ,13 3.23 3.22 3.14 3.09 3.17 3.18 3.32 15.52 
2 3.04 3, ,04 2.93 2.94 3.03 3.03 3.42 3.70 3.77 14.98 
5 2.88 3, ,46 3.43 3.28 3.39 3.58 3.76 3.82 3.87 16.44 
3 2.54 3, ,56 3.66 3.64 3.68 3.55 3.50 3.63 3.55 17.08 
2 2.90 3, ,02 2.93 3.04 3.19 3.37 3.55 3.88 4.16 15.08 
5 3.16 3, ,22 3.13 2.97 3.20 3.42 3.45 3.54 3.51 15.68 
3 2.36 3, .04 3.18 3.14 3.07 3.10 3.14 3.21 3.32 14.79 
2 2.70 2, .86 2.94 2.90 2.99 3.20 3.45 3.63 3.75 14.39 
5 2.78 2, ,99 3.11 2.99 3.38 3.39 3.47 3.54 3.45 15.25 
4 1.86 3. ,02 3.47 3.37 3.50 3.44 3.45 3.35 3.11 15.22 
3 2.50 3, ,11 3.29 3.30 3.38 3.14 3.20 3.20 3.39 15.58 
2 2.24 2, ,(55 2.67 2.84 3.02 3.15 3.30 3.57 3.73 13.42 
1 2.20 3, ,16 3.42 3.53 3.99 4.23 4.28 4.50 4.38 16.30 
5 2.60 2, ,34 3.21 3.12 3.54 3.55 3.71 3.72 3.60 15.31 
3 3.08 3, ,39 3.47 3.48 3.34 3.36 3.49 3.61 3.82 16.76 
2 2.58 2, ,78 3.01 3.16 3.39 3.56 3.75 3.92 4.07 14.92 
5 2.68 2, .35 3.13 3.32 3.47 3.55 3.59 3.66 3.71 15.45 
3 2.44 3, ,19 3.39 3.47 3.56 3.51 3.47 3.41 3.56 16.05 
2 2.40 2, ,64 2.83 3.02 3.36 3.52 3.73 3.90 4.06 14.25 
5 2.92 3, .34 3.48 3.67 3.65 3.55 3.58 3.59 3.61 17.06 
3 1.96 3, ,04 3.29 3.34 3.49 3.38 3.36 3.54 3.57 15.12 
2 2.24 2,,47 2.63 2.91 3.29 3.40 3.57 3.83 3.95 13.54 
5 2.18 2, ,49 2.74 2.70 3.14 .328 3.49 3.49 3.48 13.25 
3 2.42 2. 94 3.27 3.31 3.26 3.11 3.15 3.25 3.38 15.20 
2 2.26 2, .35 2.55 2.81 3.05 3.23 3.29 3.71 3.88 13.02 
5 2.54 2, ,59 2.66 2.88 3.00 3.10 3.05 2.96 3.05 13.67 
3 2.32 2, .50 2.83 3.02 3.20 3.24 3.30 3.35 3.40 13.87 
2 2.36 2,. 69 3.15 3.43 3.63 3.80 3.87 3.93 3.99 15.26 
Table 146. (Continued) 
W.S. Date Site Depth in feet Total 
# Mo/day/yr # 1 ?, 3 4 5 6 7 8 9 5 
9/4/70 5 2.74 2., 70 2.79 2.69 
4 2.14 2., (53 3.14 3.37 
3 1.78 2.,66 3.03 3.30 
2 2.40 2.,35 2.30 2.81 
1 2.42 2.,63 2.67 3.28 
9/11/70 5 2.56 2» 56 2.61 2.53 
3 2.26 2» 77 3.03 3.27 
2 2.24 2„ 24 2.19 3.55 
9/30/70 5 2.40 2„30 2.27 2.18 
3 2.10 2„39 2.54 2.68 
2 2.14 1JB7 1.96 2.36 
3.19 3.37 3.59 3.56 3.55 14.11 
3.33 3.49 3.48 3.49 3.24 14.61 
3.54 3.30 3.22 3.40 3.48 14.31 
3.24 3.28 3,62 3.82 3.91 13.10 
3.77 4.14 4.03 4.31 4.38 14.77 
3.11 3.11 3,42 3.47 3.29 13.37 
3.35 3.16 3.22 3.30 3.48 14.68 
3.09 3.25 3,46 3.76 3.80 13.31 
2.79 2.84 3.08 3.10 3.02 11.94 
2.85 2.71 2,79 2.82 2.90 12.56 
2.73 2.76 2,97 3.15 3.21 11.06 
Table 147. Actual Soil Moisture in Inches at Different Depths at Watershed 3, Treynor, Iowa (USDA-
ARS), 1968-1970 
W . S .  Date Depth in feet . Total 
# Mo/day/yr Site # 1 2 345 67 8 9 5' 
4/10/68 
4/17/68 
4/25/68 
5/2/68 
5/17/68 
5/28/68 
6/3/68 
6/13/68 
6/18/68 
6/27/68 
7/3/68 
7/10/68 
7/15/68 
7/24/68 
8/1/68 
8/7/68 
8/14/68 
8/21/68 
8/28/68 
9/4/68 
9/21/68 
10/1/68 
10/10/68 
10/23/68 
4/11/69 
4/21/69 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1-3-8 
1 
3 
8 
1 
3 
8 
3.52 
3.62 
4.17 
3.73 
3.73 
3.92 
3.86 
3.80 
4.01 
3.84 
3.59 
3.51 
3.51 
3.50 
2.85 
4.03 
3.50 
3.86 
3.96 
4.37 
4.14 
3.59 
4.28 
4.39 
4.06 
3.76 
3.88 
3.84 
3.76 
4.26 
2.93 
2.93 
3.61 
3.52 
3.27 
3.22 
3.34 
3.12 
3.29 
3.19 
3.24 
3.07 
2.96 
3.05 
3.24 
3.24 
3.05 
3.10 
3.23 
3.37 
3.41 
3.22 
3.59 
3.63 
3.45 
3.79 
3.85 
3.95 
3.81 
4.20 
3.17 
3.15 
3.15 
3.19 
3.14 
3.18 
3.29 
3.21 
3.22 
3.21 
3.25 
3.19 
3.25 
3.17 
3.11 
3.21 
3.24 
3.22 
3.13 
3.35 
3.13 
3.10 
3.44 
3.43 
3.02 
3.91 
3.70 
3.87 
4.08 
4.10 
3.43 
3.39 
3.32 
3.36 
3.28 
3.46 
3.50 
3.43 
3.32 
3.39 
3.45 
3.41 
3.55 
3.48 
3.25 
3.47 
3.34 
3.46 
3.23 
3.35 
3.21 
3.22 
3.42 
3.63 
3.09 
4.08 
3.59 
2.96 
4.13 
4.16 
3.54 
3.55 
3.38 
3.47 
3.42 
3.57 
3.59 
3.55 
3.47 
3.54 
3.59 
3.55 
3.54 
3.55 
3.44 
3.51 
3.45 
3.48 
3.33 
3.42 
3.36 
3.34 
3.59 
3.64 
3.45 
3.91 
3.28 
3.13 
4.19 
3.87 
3.47 
3.45 
3.34 
3.41 
3.43 
3.44 
3.56 
3.53 
3.36 
3.44 
3.51 
3.45 
3.48 
3.48 
3.38 
3.45 
3.30 
3.40 
3.31 
3.39 
3.21 
3.22 
3.46 
3.57 
3.15 
3.95 
3.24 
3.14 
4.09 
3.59 
3.45 
3.43 
3.33 
3.43 
3.47 
3.47 
3.56 
3.51 
3.39 
3.49 
3.48 
3.49 
3.45 
3.50 
3.37 
3.40 
3.33 
3.39 
3.32 
3.44 
3.25 
3.27 
3.38 
3.55 
3.33 
3.88 
3.10 
3.35 
3.82 
3.45 
3.40 
3.41 
3.27 
3.30 
3.28 
3.37 
3.47 
3.43 
3.28 
3.35 
3.42 
3.42 
3.32 
3.37 
3.34 
3.28 
3.27 
3.28 
3.24 
3.33 
3.25 
3.21 
3.34 
3.47 
3.26 
3.76 
2.96 
3.10 
3.80 
3.31 
3.37 
3.36 
3.27 
3.28 
3.32 
3.36 
3.45 
3.46 
3.30 
3.36 
3.43 
3.37 
3.31 
3.34 
3.29 
3.30 
3.23 
3.30 
3.24 
3.34 
3.19 
3.18 
3.32 
3.45 
3.22 
3.75 
2 . 8 6  
3.22 
3.93 
3.17 
16.59 
16.64 
17.63 
17.27 
16.84 
17.35 
17.58 
17.17 
17.31 
17.11 
17.12 
16.73 
16.81  
16.75 
15.89 
17.46 
16.58 
17.12 
16.88 
17.86 
17.25 
16.47 
18.32 
18.72 
17.07 
19.45 
18.30 
17.74 
19.97 
20.59 
Table 147. (Continued) 
W. S. Date 
# Mo/day/yr Site 1 
5/28/69 1 3.18 
3 2.67 
8 2.68 
6/6/69 1 3.56 
3 2.98 
8 3.48 
6/19/69 1 3.72 
3 2.92 
8 3.62 
6/27/69 1 3.66 
3 2.62 
8 3.84 
7/10/69 1 3.76 
3 2.76 
8 3.96 
7/16/69 1 3.46 
3 2.56 
8 3.32 
7/24/69 1 3.86 
3 3.34 
8 3,78 
8/6/69 1 3.38 
3 2.96 
8 3.60 
8/13/69 1 3.48 
3 2.90 
8 3.32 
8/27/69 1 3.60 
3 3.40 
8 3.72 
Depth in feet 
2 3 4 5 6 7 8 9  
Total 
5' 
3.68 3.70 2.97 3.19 2.95 3.25 3.06 3.07 16.72 
3.17 3.46 3.69 3.71 3.67 3.43 3.34 3.49 16.70 
3.24 3.21 3.23 3.34 3.05 2.99 2.87 2.76 15.70 
3.69 2.33 3.15 3.26 3.02 3.26 3.12 3.18 15.99 
3.15 3.62 3.86 3.89 3.87 3.76 3.55 3.76 17.50 
3.70 3.67 3.81 3.62 3.53 3.51 3.23 3.16 18.28 
3.79 3.84 3.24 3.44 3.14 3.34 3.33 3.27 18.03 
3.22 3.79 4.19 3.99 4.07 4.00 3.74 3.81 18.11 
3.86 3.86 3.97 3.85 3.61 3.67 3.50 3.33 19.16 
3.46 3.06 3.25 3.02 3.28 3.13 3.18 3.21 16.45 
2.85 3.40 3.75 3.80 3.89 3.64 3.55 3.70 16.42 
3.51 3.48 3.66 3.41 3.36 3.32 3.20 3.05 17.90 
3.77 3.64 3.54 3.28 3.48 3.13 3.08 3.07 17.99 
3.21 3.72 4.03 3.86 3.89 3.92 3.75 3.72 17.58 
3.79 3.84 3.84 3.77 3.71 3.61 3.56 3.46 19.20 
3.53 3.34 3.21 3.34 3.18 3.08 3.05 3.02 16.88 
3.05 3.40 3.76 3.57 3.69 3.62 3.51 3.63 16.34 
3.31 3.33 3.04 3.05 3.11 3.24 3.20 3.35 16.05 
3.72 3.29 3.42 3.26 3.46 3.38 3.33 3.31 17.55 
3.50 3.79 4.02 3.84 3.77 3.72 3.64 3.63 18.49 
3.70 3.75 3.76 3.52 3.41 3.31 3.34 3.13 18.51 
3.52 3.47 3.47 3.09 3.25 3.01 3.03 3.18 16.93 
3.05 3.42 3.77 3.77 3.87 3.66 3.62 3.70 16.97 
3.60 3.64 3.77 3.61 3.50 3.38 3.33 3.27 18.22 
3.51 3.52 3.14 3.32 3.04 3.28 3.21 3.22 16.97 
3.12 3.58 4.00 3.84 3.99 3.87 3.71 3.74 17.44 
3.65 3.67 3.76 3.66 3.50 3.44 3.23 3.13 18.06 
3.66 3.70 3.23 3.35 3.37 3.61 3.27 3.39 17.54 
3.47 3.71 3.98 3.99 4.13 3.96 3.84 4.02 18.55 
3.87 3.83 3.87 3.61 3.61 3.50 3.47 3.35 18.90 
Table 147. CContinued) 
W.S. Date 
Mo/day/yr Site # 1 
9/10/69 1 3.64 
3 3.12 
8 3.64 
9/25/69 1 3.56 
3 2.82 
8 3.40 
10/8/69 1 3.50 
3 2.56 
8 3.20 
10/22/69 1 3.76 
3 3.22 
8 4.00 
4/3/70 1 3.56 
3 3.44 
8 3.86 
4/16/70 1 3.78 
3 3.70 
8 3.98 
5/21/70 1 3.90 
3 2.68 
8 3.74 
5/28/70 1 3.34 
3 2.46 
8 2.40 
6/5/70 1 3.60 
3 2.20 
8 3.28 
6/10/70 1 3.26 
3 1.96 
8 2.88 
Depth in feet 
2 3 4 5 6 7 8 9  
Total 
5' 
3.60 3.58 3.04 3.29 3.13 3.38 3.25 3.25 17.15 
3.12 3.40 3.81 3.92 3.95 3.69 3.68 3.90 17.37 
3.72 3.60 3.70 3.53 3.50 3.52 3.41 3.30 18.19 
3.65 3.50 3.28 3.46 3.16 3.25 3.28 3.11 17.45 
2.90 3.22 3.60 3.79 3.81 3.65 3.79 3.83 16.33 
3.52 3.48 3.72 3.52 3.39 3.40 3.26 3.13 17.64 
3.40 3.47 3.21 3.25 3.21 3.23 3.18 3.07 16.83 
2.71 3.09 3.43 3.70 3.76 3.65 3.67 3.69 15.49 
3.65 3.62 3.58 3.52 3.42 3.49 3.41 3.36 17.57 
3.62 3.52 3.07 3.36 3.13 3.35 3.24 3.31 17.33 
3.05 3.18 3.57 3.70 3.68 3.57 3.53 3.66 16.72 
3.76 3.62 3.76 3.55 3.50 3.47 3.34 3.31 18.69 
3.52 3.46 3.09 3.42 3.16 3.41 3.26 3.30 17.05 
3.44 3.56 3.82 3.88 3.80 3.67 3.67 3.67 18.14 
3.89 3.72 3.74 3.60 3.52 3.54 3.49 3.30 18.81 
3.64 3.47 3.18 3.44 3.14 3.23 3.20 3.17 17.51 
3.77 3.76 3.91 4.05 3.86 3.71 3.72 3.75 19.19 
4.03 3.88 3.86 3.66 3.52 3.59 3.48 3.33 19.41 
3.92 3.72 3.27 3.54 3.22 3.32 3.09 3.21 18.35 
3.01 3.47 3.76 3.85 3.84 3.67 3.52 3.70 16.77 
3.90 3.88 3.97 3.79 3.65 3.70 3.54 3.38 19.28 
3.46 3.46 2.96 3.12 3.05 3.16 2.92 3.03 16.34 
2.81 3.40 3.65 3.69 3.63 3.54 3.49 3.66 16.01 
3.09 3.31 3.59 3.65 3.52 3.41 3.34 3.29 16.04 
3.66 3.60 3.23 3.39 3.08 3.43 3.28 3.23 17.48 
2.68 3.39 3.86 3.82 3.78 3.63 3.68 3.77 15.95 
3.17 3.67 3.82 3.68 3.60 3.62 3.52 3.34 17.62 
3.41 3.50 3.10 3.04 3.11 3.17 2.98 3.10 16.31 
2.34 3.09 3.55 3.61 3.61 3.46 3.45 3.51 14.55 
3.28 3.52 3.65 3.50 3.45 3.42 3.35 3.26 16.83 
Table 147. (Continued) 
W.S. Date 
# Mo/day/yr Site # 1 
6/18/70 1 3.48 
3 2.08 
8 3.40 
6/25/70 1 3.46 
3 2.02 
8 3.06 
7/1/70 1 3.44 
3 1.90 
8 3.54 
7/10/70 1 2.78 
3 1.76 
8 2.26 
7/16/70 1 2.60 
3 1.78 
8 2.76 
7/23/70 1 2.6:1 
3 2.02 
8 2.96 
7/30/70 1 2.38 
3 2.26 
8 3.44 
8/5/70 1 2.74 
3 3.08 
8 3.72 
8/19/70 1 2.48 
3 2.52 
8 3.20 
9/3/70 1 2.74 
3 2.32 
8 3.56 
Depth in feet 
2 3 4 5 6 7 8 9  
Total 
5' 
.65 3.64 3.21 3.41 3.17 3.33 3.20 3.25 17.39 
.38 2.18 3.15 3.64 3.56 3.78 3.49 3.59 13.43 
.56 3.79 3.84 3.60 3.61 3.61 3.51 3.39 17.19 
.57 3.55 3.30 3.44 3.15 3.35 3.23 3.20 17.32 
.48 3.06 3.70 3.76 3.78 3.56 3.58 3.64 15.02 
.41 3.56 3,89 3.67 3.58 3.55 3.52 3.53 17.37 
.55 3.56, 3,19 3.50 3.17 3.38 3.37 3.30 17.24 
.06 2.63 3,59 3.88 3.73 3.76 3.73 3.73 14.06 
.69 3.51 3.62 3.55 3.51 3.41 3.45 3.63 17.91 
.03 3.14 2.92 3.20 2.94 3.05 3.02 3.01 15.07 
.93 2.51 3.40 3.44 3.61 3.60 3.59 3.62 13.04 
.97 3.38 3.61 3.50 3.33 3.43 3.32 3.19 15.72 
.90 3.02 2.84 2.89 2.93 2.98 3.07 3.14 14.25 
.84 2.49 3.22 3.37 3.55 3.43 3.36 3.39 12.70 
.86 3.11 3.46 3.42 3.35 3.34 3.24 3.29 15.61 
.91 3.11 2.93 3.20 2.98 3.24 3.11 3.14 14.77 
.16 2.67 3.61 3.89 3.86 3.75 3.76 3.89 14.35 
.88 3.31 3.72 3.48 3.58 3.56 3.54 3.39 16.35 
.62 2.71 2.65 2.73 2.84 2.87 2.93 3.00 15.09 
.97 2.49 3.03 3.55 3.57 3.61 3.49 3.54 13.30 
.15 3.38 3.42 3.42 3.48 3.52 3.56 3.57 16.81 
.85 2.97 3.20 3.32 3.31 3.25 3.18 3.08 15.08 
.12 2.57 3.08 3.38 3.62 3.57 3.51 3.52 14.23 
.58 3.54 3.54 3.48 3.47 3.37 3.24 3.33 17.86 
.53 2.54 2.55 2.92 2.92 3.10 2.92 2.99 13.02 
.18 2.49 3.34 3.46 3.52 3.32 3.43 3.51 13.99 
.33 3.22 3.31 3.22 3.28 3.28 3.26 3.11 16.28 
.78 2.79 2.68 3.11 3.20 3.28 3.23 3.32 14.10 
.21 2.37 3.20 3.55 3.56 3.49 3.53 3.56 13.65 
.47 3.42 3.69 3.48 3.44 3.47 3.40 3.40 17.62 
Table 147. (Continued) 
W.S. Date 
# Mo/day/yr Site # 1 
9/11/70 1 2.44 
3 2.18 
8 3.00 
9/30/70 1 3.40 
3 2.84 
8 3.60 
10/13/70 1 3.88 
3 3.52 
8 4.36 
10/21/70 1 3.72 
3 3.04 
8 3.68 
Depth in feet Total 
2 3 4 5 6 7 8 9 5' 
2.49 2.49 2.38 2.84 2.79 3.19 3.02 3.04 12.64 
2.09 2.49 3.13 3.41 3.54 3.39 3.46 3.53 13.30 
3.05 3.13 3.30 3.07 3.13 3.11 3.09 3.01 15.55 
3.37 2.79 2.49 2.82 2.93 3.12 3.02 2.95 14.87 
2.50 2.34 3.04 3.27 3.35 3.33 3.40 3.30 13.99 
3.41 3.14 3.31 3.18 3.15 3.07 3.08 3.01 16.64 
3.88 3.17 3.83 3.16 2.99 3.20 3.17 3.19 16.92 
3.02 2.63 3.32 3.58 3.64 3.42 3.49 3.58 16.07 
4.22 3.72 3.83 3.57 3.56 3.59 3.46 3.43 19.70 
3.18 2.65 2.97 2.95 3.21 2.97 3.04 3.17 15.47 
2.82 2.63 3.16 3.39 3.50 3.24 3.35 3.49 15.04 
3.65 3.33 3.39 3.26 3.24 3.28 3.17 3.08 17.31 
Table 148. Cumulative Soil Moisture in Inches (Increasing With Depth) at Watershed 3, Treynor, Iowa 
1968-1970 (Allen, 1971) 
Date Depth in feet 
Mb/day/yr Site # 1 2 3 4 5 
10/13/68 09 3.38 6.37 9.18 12.38 16.03 20.13 24.50 29.06 33.78 
10 3.60 6.67 9.23 11.90 14.96 18.54 22.48 26.60 31.03 
11 2.37 4.71 7.02 9.57 12.51 15.76 19.47 23.56 27.81 
12 3.59 6.38 8.37 10.48 13.05 16.17 19.62 23.17 26.69 
13 3.55 6.83 9.31 11.34 13.59 16.24 19.15 22.21 25.31 
14 2.52 4.70 6.62 8.66 11.05 13.86 16.85 19.89 22.89 
10/28/68 00 3.33 6.06 8.16 10.35 12.88 15.71 18.52 21.35 24.12 
01 3.89 7.64 11.22 14.36 17.34 20.58 23.84 27.20 30.53 
02 3.63 6.84 9.26 11.48 14.30 17.66 21.12 24.56 27.96 
03 3.82 7.67 11.08 13.85 16.59 19.66 22.93 26.31 29.71 
04 3.58 7.17 10.65 13.48 15.77 18.40 21.49 24.86 28.42 
05 3.42 6.92 10.38 13.54 16.50 19.71 23.31 26.87 30.36 
06 2.92 5.62 7.92 10.49 13.73 17.28 21.10 25.06 28.96 
07 3.83 7.57 11.20 14.81 18.43 22.23 26.29 30.56 34.99 
08 2.44 4.66 6.73 9.14 12.01 15.16 18.56 22.40 26.69 
09 3.12 6.00 8.81 12.01 15.73 19.87 24.20 28.71 33.35 
10 3.46 6.38 8.79 11.42 14.47 17.90 21.56 25.47 29.74 
10/27/68 11 2.99 5.68 8.23 11.11 14.25 17.76 21.71 25.90 30.29 
12 3.83 7.51 10.31 12.46 15.04 18.15 21.58 25.14 28.71 
13 3.59 7.2:7 10.89 14.21 17.18 20.04 23.03 25.97 28.85 
14 3.53 6.68 9.00 11.01 13.52 16.42 19.44 22.49 25.42 
15 3.27 6.04 7.97 9.75 11.76 14.02 16.36 18.66 21.10 
16 3.15 5.79 8.14 11.06 14.25 17.41 20.79 24.34 27.86 
17 3.77 7.34 10.81 14.49 18.33 22.17 26.10 30.12 34.29 
10/26/68 18 3.78 7.52 11.15 14.77 18.58 22.67 26.96 31.25 35.37 
19 3.54 7.05 10.32 13.65 17.54 21.75 25.96 30.44 35.27 
20 3.57 7.L7 10.96 14.89 18.99 23.36 27.85 32.31 36,73 
21 3.93 7.49 10.73 14.36 18.46 22.94 27.90 33.11 38.34 
Table 148. (Continued) 
Date 
Mo/day/yr Site # 
Depth in feet 
4/19/69 
4/20/69 
6/20/69 
6/21/69 
6/22/69 
6/8/70 
01 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
00 
01 
02 
03 
04 
05 
06 
07 
08 
09 
11 
12 
13 
14 
00 
02 
4.38 8 .60 12 .69 16 .85 20.53 23.84 27 .07 30.38 33.66 
4-24 8 .35 12 .32 15 .71 18.44 21.81 25 .23 28.65 32.10 
4.05 8 .22: 12 .55 16 .88 20.41 23.37 26 .54 29.81 33.24 
4.09 8 .14 12 .29 16 .52 20.03 23.08 26 .38 29.82 33.47 
3.83 7 .73 11 .83 15 .93 19.45 22.72 26 .24 29.99 33.59 
3.81 7 .65 11 .64 15 .52 18.97 22.53 26 .32 30.30 34.22 
4.09 8 .19 12 .15 16 .14 20.12 24.09 28 .18 32.45 36.84 
4.31 8 .52: 12 .61 15 .93 18.58 21.57 24 .80 28.41 32.43 
4.23 8 .44 11 .87 14 .81 18.13 21.91 26 .06 30.48 35.06 
4.50 8 .94 13 .18 16 .55 19.42 22.80 26 .47 30.33 34.51 
4.19 8 .2-8 12 .33 15 .95 19.01 22.39 26 .21 30.36 34.67 
4.23 8 .32 12 .17 15 .35 18.00 21.16 24 .59 28.19 31.68 
3.87 7 .84 11 .94 15 .70 18.85 21.94 25 .07 28.16 31.19 
3.94 7 .91 12 .02 15 .06 17.28 19.98 22 .93 25.95 28.93 
3.35 6 .62 10 .43 14 .06 17.58 20.83 23 .76 26.49 29.29 
3.58 7 .07 10 . 66 14 .47 18.36 21.98 25 .34 28.73 32.09 
3.22 6 .46 9 .81 13 .24 16.38 19.68 23 .14 26.57 30.01 
3.26 6 .73 10 .53 14 .53 18.43 21.79 25 .04 28.32 31.70 
2.66 5 . 62 8 .98 12 .69 16.41 19.93 23 .50 27.07 30.79 
2.48 5 .28 8 . 66 12 .46 16.16 19.71 23 .47 27.42 31.17 
1.60 3 .90 7 .17 10 .77 14.47 18.25 22 .21 26.41 30.64 
3.61 7 .22 10 .73 14 .39 18.19 22.16 26 .34 30.71 35.23 
4.11 8 . jL9 12 .24 16 .24 20.20 23.96 27 .41 31.10 35.19 
3.57 7 .35 10 .87 13 .94 17.32 21.13 25 .34 29.79 34.45 
3.05 6 .49 10 .07 13 .86 17.51 21.05 24 .97 29.19 33.54 
2.53 5 .02 7 .59 10 . 66 13.70 16.96 20 .44 24.06 27.60 
2.51 5 .14 8 .28 11 .71 15.14 18.53 21 .89 25.09 28.15 
2.43 5 ,00 8 .13 11 .48 14.17 16.88 19 .83 22.87 25.85 
1.63 3 .70 6 .39 9 .49 12.57 15.49 18 .36 21.10 23.93 
1.92 3 .83 5 .97 8 .39 11.21 14.42 17 .87 21.29 24.72 
Table 148. (Continued) 
Date 
Mo/day/yr Site # 
Depth in feet 
6/9/70 
6/29/70 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
21 
00 
02 
03 
04 
05 
06 
07 
08 
09 
10 
11 
12 
2.53 
1.89 
1.79 
1.79 
2 . 0 2  
3.02 
2.17 
3.15 
2 .01  
2.08 
1.89 
1.91 
1.35 
1.53 
1.79 
1 . 8 1  
1.49 
2 .08  
1.72 
1.93 
2.49 
1.86 
1.97 
2.23 
2.04 
2 .60  
2.14 
3.01 
2 . 0 1  
2 . 0 2  
5.57 
3.95 
3.90 
3.93 
4.26 
6.49 
4.68 
6.73 
4.36 
4.26 
3.98 
3.82 
2 .91 
3.25 
3.97 
4.14 
3.38 
4.60 
3.75 
3.84 
5.37 
3.85 
4.17 
4.50 
4.42 
5.70 
4.58 
6.49 
4.29 
4.09 
9.30 
6.40 
6.80  
6.84 
6.96 
10.30 
7.66 
10,43 
7.43 
6.47 
6.49 
5.84 
4.70 
5.50 
6.95 
7.66 
6.07 
7.75 
6.07 
5.95 
8 .86  
5.88 
7.00 
7.34 
6.91 
9.25 
7.33 
10.20 
6.89 
6.15 
13.27 
9.47 
10.24 
10.03 
10.09 
14.22 
10.74 
14.05 
11.02 
9.00 
9.36 
8 . 0 1  
6.76 
8.34 
10.45 
11.58 
9.34 
11.38 
8.70 
8.39 
12.75 
8.40 
10.43 
10.55 
9.71 
13.06 
10.37 
13.90 
9.98 
8.35 
17.20 
12.78 
13.80 
13.43 
13.69 
18.11 
14.08 
17.43 
14.61 
11.79 
12.48 
10.26 
8.95 
11.64 
14.28 
15.67 
13.30 
15.18 
11.59 
11.19 
16.59 
11.58 
14.00 
14.08 
13.31 
17.01 
13.84 
17.35 
13.49 
10.93 
20.69 
16.03 
17.22 
17.06 
17.56 
21.94 
17.84 
20.86 
18.08 
14.94 
15.68 
12.93 
11.27 
14.88 
18.14 
19.92 
17.58 
19.31 
14.51 
14.45 
20.02 
14.88 
17.47 
17.88 
17.30 
20.92 
17.78 
20.92 
17.01 
14.11 
24.00 
19.49 
20.79 
20.88 
21.65 
25.75 
22.00 
24.56 
21.92 
18.38 
18.92 
15.87 
13.70 
18.13 
22.07 
24.36 
21.67 
23.72 
17.41 
17.99 
23.37 
18.41 
21.19 
21.83 
21.46 
24.82 
22.14 
24.80 
20.93 
17.65 
27.34 
22.97 
24.65 
24.91 
25.94 
29.70 
26.42 
28.46 
25.99 
21.96 
22.09 
18.88 
16 .02  
21.61  
26.06 
28.60 
26 .28  
28.48 
20.20 
21.50 
26.78 
21.91 
25.13 
26.04 
25.87 
28.85 
26.72 
28.85 
25.17 
21.32 
30.75 
26.71 
28.36 
29.04 
30.36 
33.84 
31.03 
32.69 
30.29 
25.46 
25.17 
21.83 
18.64 
25.13 
30.17 
32.71 
31.17 
33.54 
23.02 
25.05 
30.29 
25.69 
28.92 
30.25 
30.42 
33.07 
31.49 
33.20 
29.67 
24.97 
Table 148. (Continued) 
Date 
fo/day/yr Site # 1 2 
6/30/70 13 1.83 3.79 
14 1.83 3.62 
15 1.32 2.84 
16 1.43 3.08 
17 1.66 3.55 
18 1.73 3.75 
19 1.46 3.19 
21 2.02 4.28 
8/5/70 00 2.76 5.08 
01 3.69 6.74 
8/6/70 02 3.50 6.05 
03 3.53 6.91 
8/7/70 04 3.13 5.88 
05 3.51 6.82 
8/8/70 06 3.15 6 . 3 2 :  
07 3.17 6.11 
08 3.35 7.02 
09 1.91 4.15 
8/9/70 10 2.84 6.08 
11 3.23 6.71 
12 3.29 6.07 
8/10/70 13 3.03 6. 1 3  
14 2.72 5.47 
15 2.18 4.(*k 
16 1.54 3.21 
17 2.77 5.02 
18 3.03 5.99 
19 2.33 4.30 
20 2.57 4.95 
21 2.72 5.14 
Depth in feet 
3 4 5 6 7 8 9 
5 .85 8 .24 11 .16 14 .32 17 .53 20 .73 23.85 
5 .43 7 .38 9 .46 12 .00 14 .89 17 .89 20.87 
4 .54 6 .45 8 .62 10 .91 13 .38 15 .70 18.34 
5 .09 7 .69 10 .90 14 .07 17 .28 20 .77 24.33 
5 .95 9 .10 12 .81 16 .64 20 .56 24 .55 28.62 
6 .68 10 .40 14 .47 18 .73 23 .14 23 .37 31.51 
5 .54 8 .57 12 .46 16 .71 20 .76 25 .41 30.36 
6 .87 10 .02 13 .64 17 .78 22 .14 26 .91 32.01 
7 .19 9 .35 11 .73 14 .41 17 .17 19 .87 22.69 
8 .93 11 .52 14 .83 18 .29 21 .62 24 .99 28.34 
8 .08 10 .37 13 .01 16 .21 19 .65 23 .09 26.55 
9 .79 13 .21 16 .84 20 .22 23 .55 26 .91 30.41 
7 .71 9 .73 12 .32 15 .29 18 .63 22 .05 25.72 
9 .35 12 .26 15 .47 18 .72 22 .27 26 .07 29.74 
9 .37 12 .13 15 .31 18 . 86 22 .62 26 .65 30.72 
8 .36 10 .74 13 .95 17 .65 21 .62 25 .86 30.19 
10 .15 13 .41 16 .94 20 .60 24 .32 28 .22 32.29 
6 .59 9 .33 12 .54 16 .27 20 .42 24 .85 29.48 
9 .39 12 .71 15 .97 19 .39 23 .04 26 .89 31.08 
9 .47 11 .91 14 .67 17 .86 21 .58 25 .64 29.90 
7 .98 9 .96 12 .30 15 .31 18 .73 22 .32 25.85 
8 .19 10 .27 12 .82 15 .79 18 .93 22 .08 25.16 
7 .43 9 .27 11 .38 13 .84 16 .73 19 .76 22.77 
5 .70 7 .57 9 .73 12 .06 14 .51 16 .88 19.52 
5 .16 7 .60 10 .76 14 .00 17 .25 20 .76 24.34 
7 .16 9 .95 13 .65 17 .47 21 .37 25 .38 29.43 
8 .57 11 .90 15 .82 20 .00 24 .40 28 .62 32.73 
6 .38 9 . 14 12 .81 16 .90 20 .86 25 .45 30.35 
7 .85 11 .05 14 .91 19 .09 23 .54 28 .12 32.66 
7 .35 9 .95 13 .30 17 .32 21 .60 26 .26 31.30 
Table 148.. (Continued) 
Date 
Mb/day/yr Site # 
9/1/70 
9/3/70 
9/23/70 
9/26/70 
9/27/70 
00 2.28 4.40 
01 2.28 4.62 
02 2.05 4.].1 
03 2.34 4.81 
04 2.27 4.38 
05 2.51 5. ?3 
06 2.84 5.69 
07 2.08 4.46 
08 2.63 5.61 
09 1.78 3.92 
10 2.63 5.74 
11 2.66 5.47 
12 2.15 4.42 
13 2.32 4.44 
14 2.03 4.01 
15 1.43 3.09 
16 1.32 2.93 
17 1.98 3.90 
18 1.91 4.03 
19 1.50 3.13 
20 3.01 6.19 
21 1.88 3.96 
15 2.11 3.91 
16 1.70 3.37 
17 3.12 5,49 
18 2.98 5.94 
19 2.59 4.53 
20 3.12 6.66 
21 2.91 5.23 
3 
Depth in feet 
4 5 6 7 8 9 
6 .54 8 ,65 10 ,87 13 .46 16 ,17 18. 87 21.68 
6 .79 9 .27 12 ,31 15 .71 19 ,03 22. 40 25.79 
6 .18 8 .44 11 ,06 14 .23 17 ,71 21, 16 24.65 
7 .47 10 .74 14 ,27 17 .58 20 ,91 24. 31 27.76 
6 .32 8 .40 10 .90 13 .78 17 ,13 20, 60 24.36 
7 .77 10 .59 13 .82 17 .04 20 ,54 24, 36 28.04 
8 .57 11 .36 14 .57 18 .14 21 ,95 26, 05 30.16 
6 .81 9 .20 12 .33 16 .04 20 ,07 24, 34 28,73 
8 .66 11 .92 15 .46 19 .13 22 ,90 26, 85 30.96 
6 .35 9 ,06 12 .25 16 ,01 20 ,26 24. 74 29.42 
8 .93 12 ,21 15 .50 18 .97 22 ,71 26. 63 30.85 
8 .02 10 ,56 13 ,42 16 ,69 20 ,51 24, 67 29.05 
6 .34 8 .33 10 ,60 13 .54 16 ,94 20, 51 24.06 
6 .39 8 .44 10 .92 13 .79 16 ,90 20. 01 23.15 
5 .98 8 .07 10 .16 12 .68 15 ,56 18, 54 21.50 
4 .78 6 .64 8 .79 11 .13 13 ,62 16, 01 18.67 
4 .80 7 , 15 10 .22 13 .39 16 ,60 20, 12 23.66 
6 .03 8 ,73 12 ,35 16 .15 20 ,02 24, 01 28.05 
6 .58 9 ,86 13 .77 17 .98 22 .34 26, 58 30.69 
5 .22 7 ,86 11 .45 15 .60 19 .58 24. 14 29.08 
9 .18 12 ,42 16 ,33 20 .59 25 .08 29. 65 34.18 
6 .22 8 ,75 11 ,83 15 .79 20 .07 24. 73 29,69 
5 .54 7 .32 9 ,39 11 .62 14 .07 16. 40 18,99 
5 .20 7 .47 10 .45 13 .59 16 ,72 20. 08 23.54 
7 .57 10 . 19 13 ,73 17 .46 21 ,27 25, 19 29.18 
8 .37 11 .53 15 .32 19 .41 23 ,70 27, 87 31.91 
6 .60 9 .17 12 .64 16 .70 20 ,58 25, 09 29.94 
10 ,00 13 .35 17 .20 21 .40 25 .81 30, 27 34.71 
7 ,39 9 ,83 12 .87 16 .73 20 .92 25. 48 30.36 
Table 149.  Actual  Soil  Moisture in Inches a t  Different  Depths (2 Si tes)  at  Watershed 4,  Treynor,  
Iowa (USDA-ARS),  1968-1970 
Date Depth in feet  Total  
Mo/day/yr Si te  #123456789 5 
4/10/68 10 3.72 3.13 4.33 3.45 3.32 3.42 3.41 3.60 3.68 17.95 
20 3.72 3.36 4.95 3.66 3.81 3.86 3.98 4.09 4.19 19.50 
4/17/68 10 3.76 3.03 4.03 3.22 3.14 3.19 3.16 3.32 3.44 17.18 
20 3.76 3.15 4.70 3.30 3.54 3.58 3.71 3.88 3.84 18.45 
4/25/68 10 3.77 3.51 4.39 3.34 3.21 3.31 3.31 3.37 3.56 18.22 
20 3.77 3.78 5.15 3.62 3.45 3.64 3.68 3.85 3.87 19.87 
5/28/68 10 3.83 3.44 4.56 3.42 3.25 3.37 3.38 3.40 3.63 18.50 
20 3.83 3.54 5.00 3.64 3.51 3.62 3.76 3.91 3.91 19.52 
4/11/69 10 4.63 3.51 3.40 3.42 3.17 3.28 3.24 3.36 3.51 18.13 
20 4.63 3.73 3.88 3.77 3.94 4.00 4.01 4.15 4.25 19.95 
4/21/69 10 4.15 3.65 3.76 3.66 3.36 3.24 3.24 3.56 3.62 18.58 
20 4.15 3.60 3.94 3.91 4.01 3.83 3.98 4.13 4.21 19.61 
5/28/69 10 4.21 3.73 3.80 3.91 3.76 3.64 3.59 3.85 3.83 20.41 
20 4.21 3.01 3.95 3.95 4.06 4.12 4.14 4.18 4.47 19.18 
6/6/69 10 3.25 3.59 3.74 3.78 3.69 3.66 3.58 8.32 3.79 18.05 
20 3.25 2.70 3.75 3.85 3.90 3.^8 4.03 4.18 4.24 17.45 
6/19/69 10 4.31 3.81 3.90 3.98 3.85 3.77 3.86 3.83 3.90 19.85 
20 4.31 2.73 3.92 3.80 4.35 4.11 4.08 4.21 4.29 19.11 
6/27/69 10 4.08 3.60 3.71 3.73 3.63 3.61 3.58 3.75 3.72 18.75 
20 4.08 3.72 3.70 3.90 4.02 4.16 4.26 4.25 4.31 19.42 
7/10/69 10 3.75 3.74 3.80 3.74 3.58 3.59 3.91 3.77 3.81 18.61 
20 3.75 3.64 3.95 3.72 3.93 4.17 4.14 4.37 4.37 18.99 
7/22/69 10 4.06 3.50 3.52 3.55 3.60 3.59 3.69 3.62 3.38 18.23 
20 4.06 3.73 4.27 4.35 4.31 4.12 4.37 4.40 4.40 20.72 
8/6/69 10 3.31 3.33 3.56 3.46 3.43 3.36 3.40 3.60 3.63 17.09 
20 3.31 3.62 4.03 3.76 3.97 4.03 3.97 4.23 4.17 18.69 
8/13/69 10 3.38 3.50 3.80 3.85 3.65 3.68 3.85 3.80 3.75 18.18 
20 3.38 3.68 3.87 3.77 3.95 4.21 4.30 4.43 4.41 18.65 
Table 149. (Continued) 
Date 
Mo/day/yr  S i te  if  1  2  3  
8 /27/69  10  3 .58  3 .26  3 .43  
20 3.58  3 .82  4 .27  
9 /10/69  10  3 .92  3 .15  3 .40  
20 3.92  3 .85  4 .02  
9 /26/69  10  3 .45  2 .95  3 .09  
20  3 .45  3 .28  3 .63  
10/8 /69  10  3 .70  3 .00  3 .14  
20  3 .70  3 .39  3 .56  
10/22/69  10  4 .49  3 .14  3 .23  
20  4 .49  3 .69  3 .71  
4 /3 /70  10  3 .44  3 .45  3 .30  
20  3 .32  3 .85  3 .80  
4 /16/70  10  3 .12  3 .57  3 .43  
20  3 .78  3 .69  3 .92  
5 /21/70  10  3 .16  3 .81  3 .80  
20  2 .52  3 .27  4 .14  
5 /28/70  10  3.06 3.61  3 .66  
20  2 .46  3 .31  3 .98  
6 /5 /70  10  2 .46  3 .16  3 .96  
20  2 .82  3 .52  3 .55  
6 /10/70  10  1 .86  3 .00  3 .09  
20  1 .26  2 .95  3 .68  
6 /18/70  10  2 .62  2 .43  3 .40  
20  2 .66  2 .93  3 .92  
6 /25/70  10  2 .36  3 .05  3 .50  
20  1 .44  3 .25  3 .71  
7 /1 /70  10  1 .78  3 .17  3 .64  
20  2 .38  2 .92  3 .74  
7 /10/70  10  2 .02  2 .65  3 .30  
20  2.34 2.36  2 .74  
Depth in feet  
4 5 6 7 8 9 
Total  
5 '  
3.57 
4.11 
3.50 
3.86 
3.37 
3.70 
3.41 
3.62 
3.42 
3.47 
3.50 
3.94 
3.56 
3.81 
3.79 
4.07 
3.60 
3.97 
3.89 
3.70 
3.05 
3.72 
3.59 
3.69 
3.59 
3.77 
3.64 
3.78 
3.46 
3.70 
3.64 
4.10 
3.49 
3.99 
3.28 
3.80 
3.43 
3.65 
3.34 
3.69 
3.37 
4.00 
3.34 
3.89 
3.62 
4.16 
3.57 
3.99 
3.97 
3.54 
3.01 
3.81 
3.56 
3.94 
3.55 
3.94 
3.41 
3.64 
3.45 
3.86 
3.45 
4.19 
3.44 
4.12 
3.35 
3.76 
3.42 
3.70 
3.33 
3.85 
3.34 
4.13 
3.28 
3.88 
3 . 5 2  
4.22 
3.51 
4.17 
4.10 
3.51 
3.02 
3.81 
3.55 
4.06 
3.48 
4.06 
3.43 
3.72 
3.51 
3.89 
3.58 
4.19 
3.45 
4.14 
3.33 
3.86 
3.50 
3.87 
3.30 
3.86 
3.34 
4.07 
3.39 
4.02 
3.57 
4.27 
3.51 
4.03 
4.10 
3.47 
3.09 
3.86 
3.43 
4.07 
3.35 
4.06 
3.65 
3.93 
3.48 
4.00 
3.83 
4.26 
3.67 
4.30 
3.57 
4.10 
3.57 
4.05 
3.57 
3.97 
3.55 
4.30 
3.48 
4.14 
3.76 
4.29 
3.70 
4.21 
3.84 
4.01 
3.26 
4.05 
3.44 
4.16 
3.63 
4.15 
3.72 
4.01 
3.58 
4.19 
3.84 
4.28 
3.72 
4.31 
3.64 
4.19 
3.62 
4.13 
3.64 
4.02 
3.58 
4.26 
4.08 
4.18 
3 . 7 6  
4.32 
3.68 
4.23 
3.88 
4.09 
3.38 
4.16 
3.69 
4.26 
3.72 
4.25 
3.64 
4.27 
3.75 
4.20 
17.48 
19.88 
17.46 
19.64 
16.14 
17.86 
16.68 
17.92 
17.62 
19.05 
17.06 
18.91 
17.00 
19.09 
18.18 
18.16 
17.50 
17.71 
17.44 
17.13 
14.01 
15.42 
15.60 
17.14 
16.05 
16.11  
15.64 
16.46 
14.88 
15.50 
Table 149. (Continued) 
Date 
Mo/day/yr Si te  #12 
7/16/70  10  1 .62  2 .11  
20  2 .16  2 .83  
7 /23/70  10  2 .48  3 .09  
20  2 .38  2 .90  
7 /31/70  10  1 .72  2 .10  
20  2 .26  2 .86  
8 /5 /70  10  2 .06  2 .39  
20  3 .98  4 .05  
8 /19/70  10  1 .84  1 .65  
20  3 .08  3 .35  
9 /3 /70  10  1 .72  2 .15  
20  3 .20  3 .57  
9 /11/70  10  1 .70  2 .11  
20  3 .54  3 .39  
9 /30/70  10  1 .84  2 .17  
20  3 .54  3 .66  
10/13/70  10  3 .20  3 .21  
20  3 .88  3 .81  
10/21/70  10  2 .74  3 .39  
20  3 .50  3 .70  
Depth in feet  Total  
3 4 5 6 7 8 9  5 '  
2 .71  3 .28  3 .25  3 .17  
3 .51  3 .53  3 .61  3 .75  
3 .70  3 .60  3 .53  3 .63  
3 .59  3 .62  3 .78  3 .84  
2 .45  3 .21  3 .16  3 .10  
3 .25  3 .35  3 .55  3 .71  
2 .67  2 .98  3 .25  3 .48  
4 .22  4 .21  4 .19  4 .17  
1 .97  2 .13  3 .05  3 .25  
3 .62  3 .56  3 .82  3 .99  
2 .26  2 .80  3 .23  3 .31  
4 .11  3 .70  3 .82  4 .07  
2 .19  2 .56  3 .00  3 .20  
3 .59  3 .59  3 .76  3 .90  
2 .26  2 .72  3 .21  3 ,16  
3 .50  3 .51  3 .61  3 .66  
2 .31  3 .01  3 .17  3 .28  
4 .14  4 .05  3 .93  3 .95  
3 .09  2 .98  3 .13  3 .31  
3 .98  3 .72  3 .79  3 .84  
.31  3 .47  3 .45  12 .97  
.83  4 .02  4 .16  15 .64  
.87  3 .92  3 .75  16 .40  
.01  4 .21  4 .28  16 .27  
.25  3 .42  3 .42  12 .64  
.81  3 .96  3 .91  15 .27  
.54  3 .61  3 .73  13 .35  
.15  4 .12  4 .24  20 .65  
.15  3 .28  3 .48  10 .69  
.94  4 .10  4 .16  17 .43  
.33  3 .62  3 .73  12 .16  
.12  4 .13  4 .24  18 .40  
.16  3 .46  3 .68  11 .56  
.06  3 .97  4 .20  17 .87  
.24  3 .57  3 .67  12 .20  
.94  4 .04  3 .95  17 .82  
.30  3 .59  3 .59  14 .90  
.00  4 .04  4 .15  19 .81  
.22  3 .59  3 .65  15 .33  
.91  4 .01  4 .05  18 .69  
3  
3  
3  
4  
3  
3  
3  
4  
3  
3  
3  
4  
3  
4  
3  
3  
3  
4  
3  
3  
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Table  150 .  Actual  Soi l  Moisture  in  Inches  a t  Dif ferent  Depths  (36  S i tes )  
a t  Watershed 4 ,  Treynor ,  Iowa,  1968-1970 
Date  
Mo/day/yr  S i te  #  
Depth in  feet  Total  
2  3  4  5  6  5 '  
3 .74  3 .46  3 .70  3 .58  3 .44  18 .32  
4 .06  3 .80  3 .59  3 .42  3 .25  18 .91  
3 .56  3 .22  2 .20  2 .36  2 .43  14 .93  
3 .55  3 .25  3 .10  3 .12  3 .70  16 .46  
3 .48  3 .39  3 .10  3 .55  3 .67  16 .94  
3 .70  3 .65  3 .84  3 .80  3 .75  18 .47  
3 .14  3 .34  3 .41  3 .36  3 .30  16 .45  
3 .49  2 .97  2 .87  3 .40  3 .49  16 .01  
6 /19/68  
6/21/68 
7/1/68 
11 
12 
13 
14  
21 
22 
23 
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
61  
62 
63 
64  
71  
72  
73  
74  
81 
82 
83 
84  
91  
92 
93 
94  
11 
12 
13 
14  
21 
22 
23 
3 .84  
4 .04  
3 .59  
3 .44  
3 .42  
3 .48  
3 .20  
3 .28  
Too Wet  
Too Wet  
2 .88  
2.88 
4 .09  
3 .48  
2 .93  
2 .92  
3 .38  
4 .07  
3 .76  
3 .35  
3 .06  
3 .32  
3 .34  
2 .96  
3. ID 
2.73  
3 .18  
3 .18  
3 .45  
3 .39  
2 .80  
2 .73  
2 .88  
3.73 
3.41  
3 .23  
3 .48  
3 .81  
2 .85  
3 .04  
2 .89  
2 .65  
3 .12  
2 .98  
2 .90  
3 .69  
3 .28  
3 .08  
3 .56  
3 .85  
3 .58  
3 .21  
3 .27  
3 .29  
3 .07  
2 .92  
3 .13  
3 .40  
3 .17  
2 .85  
3 .76  
3 .82  
3 .46  
2 .76  
3 .86  
3 .54  
3 .74  
3 .43  
3 .46  
3 .57  
4 .05  
3 .42  
3  3?  
3 .37  
3 .56  
3 .05  
3 .07  
2 .74  
3 .31  
3 .09  
2 .94  
2 .50  
2 .80  
3 .33  
3 .05  
2 .19  
3 .31  
3 .09  
2 .70  
3 .29  
3 .55  
3 .15  
3 .05  
3 .79  
3 .70  
3 .01  
3 .19  
3 .70  
3 .98  
3.80 
3.30  
3 .40  
3 .44  
3 .78  
3 .18  
3 .15  
3 .29  
3 .47  
3 .30  
2 .82  
2 .83  
3 .27  
3 .04  
2 .74  
2 .24  
2 .72  
3 .59  
2 .48  
2 .09  
3 .30  
3 .22  
2 .41  
3 .13  
3 .38  
2 .98  
3 .12  
3 .76  
3 .86  
3 .40  
3 .61  
3 .53  
3 .95  
3 .97  
3 .20  
3 .69  
3 .55  
3 .49  
2 .30  
3 .09  
3 .07  
3 .70  
3 .52  
2 .89  
2 .45  
2 .99  
2 .93  
2 .47  
2 .41  
3 .04  
3 .91  
2 .51  
2 .59  
3 .47  
3 .13  
2 .73  
3 .12  
3 .24  
3 .12  
3 .23  
3 .01  
3 .81  
3 .63  
3 .75  
3 .36  
3 .92  
3 .79  
3 .06  
3 .77  
3 .45  
3 .32  
2 .34  
3 .52  
3 .43  
3 .78  
3 .45  
2 .94  
2 .69  
3 .06  
2 .92  
2 .74  
2 .48  
3 .09  
3 .66  
2 .96  
2 .80  
3 .58  
3 .24  
2.86 
3 .11  
3 .17  
3 .21  
3 .03  
3 .11  
3 .90  
4 .02  
3 .78  
3 .49  
4 .01  
3 .81  
3 .12  
3 .80  
3 .38  
3 .20  
2 .44  
3 .74  
3 .64  
3 .84  
3 .42  
14 .64  
13 .80  
17 .35  
15 .82  
14 .16  
13 .63  
15 .79  
18 .48  
15 .01  
13 .39  
16 .43  
15 .83  
14 .10  
15 .63  
16 .73  
15 .15  
15 .43  
17 .50  
18 .64  
16 .89  
16 .11  
17 .18  
18 .27  
19.03 
16.40  
17 .55  
17 .49  
18 .45  
14 .09  
16 .17  
16 .05  
17 .16  
16 .44  
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Table 150. (Continued) 
Date  
Mo/day/yr  S i te  #  
Depth in  feet  Total  
5 '  
7/2/68 
24 
31 
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
61 
62 
63 
64  
71  
72  
73  
74  
81 
82 
83  
84  
2 .95  
2 .40  
2 . 7 6  
2.45  
3 .03  
3 .57  
3 .06  
2 .85  
3 .09  
2 .36  
3 .11  
3 .60  
3 .60  
2 .44  
3 .06  
3.09 
2.33  
3 .09  
2 .22  
2 .29  
2 .54  
2 .92  
2.82 
2.56  
3 .34  
3 .12  
2 .75  
2 .77  
2 .80  
3 .40  
3 .04  
2 .93  
3 .27  
3 .62  
3 .39  
3 .09  
3 ,09  
3 .26  
3 .04  
2 .77  
3 .11  
3 .38  
2 .92  
2 .72  
3 .57  
3 .60  
3 .37  
2 .70  
2 .95  
3 .25  
2.97 
2.78  
2 .71  
3 .23  
3 .02  
2 .95  
2 .46  
2 .87  
3 .34  
3 .03  
2 .69  
3 .19  
3 .03  
2 .71  
3 .22  
3 .51  
3 .14  
2 .95  
3 .74  
3 .60  
2 .99  
3 .15  
3 .09  3 .62  3 .56  
2 .95  
3 .49  
2 .79  
2 .73  
2 .80  
3 .29  
3 .04  
2 .73  
2 . 2 8  
2.88  
3 .35  
2 .57  
2 .16  
3.34  
3 .28  
2 .50  
3 .10  
3 .40  
3 .01  
3 .09  
3 .66  
3 .81  
3 .47  
3 .65  
3 .48  
3 .50  
3 .44  
2 .83  
2 .44  
2 .48  
3 .10  
2 .90  
2 .48  
2 .49  
3 .04  
3 .68  
2 .47  
2 . 6 2  
3.53  
3 .20  
2 .78  
3 .07  
3 .25  
3 .12  
3 .22  
3 .05  
3 .76  
3 .61  
3 .73  
3 .53  
3 .45  
2 .94  
2 .75  
2 .73  
3 .15  
2 .99  
2 .74  
2 .51  
3 .13  
3 .48  
2 .89  
2.73 
3.52  
3 .31  
2 .91  
3 .06  
3 .21  
3 .18  
3 .08  
3 .02  
3 .78  
4 .07  
3 .80  
3 .52  3 .50  
15 .69  
15 .70  
14 .10  
13 .17  
13 .82  
16 .59  
14 .06  
13 .94  
13 .59  
14 .77  
16 .87  
14 .76  
14 .16  
15 .76  
15 .61  
13 .85  
14 .83  
16 .63  
14 .41  
14 .27  
16 .56  
17 .69  
16 .26  
15 .79  
17 .27  
7 /11/68  
7/12/68 
92 
93  
94  
11 
12 
13 
14  
21  
22 
23  
24  
31  
32  
33  
34  
41  
42  
43  
2 .90  
2 .85  
2 .91  
2 .88  
3 .13  
2 .05  
2 .76  
2 .42  
2 .41  
2 .48  
2 .75  
2 .09  
2 .28  
2 .47  
2 .23  
2 .40  
3 .65  
3 .32  
3 .42  
3.27 
3.90 
3.19 
3.09  
2 .71  
2.93 
3.01  
3 .27  
2 .30  
2 .40  
2.73 
2.46  
2 .38  
3 .84  
3.26 
3.42  
3 .36  
3 .59  
3 .14  
3 .14  
3 .94  
3 .11  
3 .67  
3.58 
3.48  
2.33 
2.98 
3.79  
3 .10  
3 .80  
3 .44  
3 .31  
2 .39  
3 .48  
3 .22  
2 .83  
3 .14  
3 .13  
2 .95  
2 . 6 6  
3.22 
2.95  
2 .85  
3 .49  
2 ,95  
3 .39  
3 .51  
2 ,78  
2 .83  
3 ,21  
3 .00  
2 ,75  
3 .44  
3 .41  
3 .46  
3 .50  
2 .95  
2 .53  
3 .04  
2 .96  
2 .48  
3 .81  
3 .28  
3 .85  
3.36 
3.12  
2 .50  
3 .69  
2 .66  3 .21  3 ,22  3 .07  3 .57  3 .61  
3 .41  
3.62 
3.41  
3 .59  
2 .96  
2 .79  
3 .10  
2 .91  
2 .76  
18.12 
15.64  
17 .22  
16 .53  
17 .41  
13 .10  
15 .45  
15 .73  
-I C on i.U .O/ 
15.28  
14 .53  
15 .48  
16 .16  
13 .07  
12 .70  
14 .67  
13 .60  
12.86 
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Table 150. (Continued) 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
7 /19/68  
7/18/68 
44 
51  
52  
53  
54  
6 1  
62 
63 
64  
71  
72  
73  
74  
8 1  
82 
83  
84  
91  
92  
93  
94  
11 
12 
13  
14  
21 
22 
23 
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
61  
62 
63  
2 .19  
2 .03  
2 .91  
2 .70  
2 .38  
2 .17  
2 .60  
2 .29  
2 .22  
2 .43  
1 .94  
1 .98  
2 .73  
2 .73  
2 .55  
1.88 
2.27  
2 .64  
2 .53  
2 .45  
2.80 
3.21  
3 .35  
2 .34  
3 .25  
2 .47  
2 .90  
2 .75  
2.61 
2.95  
2 .98  
2 .58  
2 .64  
3 .41  
2 .77  
2 .79  
2.80 
2 .92  
3 .11  
2 .97  
2 .64  
2 .60  
2 .76  
3 .31  
2 .65  
3 .10  
2 .99  
2 .57  
2 . 6 2  
2 .94  
2 .57  
2 .29  
2 .73  
3 .02  
2 .76  
2 .25  
3 .07  
3 .20  
3 .08  
2 .25  
2.81 
3.03  
3 .06  
2 .69  
3 .23  
2 .81  
3.66  
2 .73  
2 .50  
3 .62  
2 .64  
2 .15  
2 .48  
2 .83  
3 .08  
1 .83  
1.88 
2.73  
2 .18  
2 .22  
2 .33  
2 .77  
2 . 6 2  
2 . 2 2  
2 .37  
2 .59  
2 .31  
2 .03  
2 .39  
2 .77  
3 .21  
2 .97  
2 .51  
3 .21  
2 .95  
2 .59  
3 .13  
3 .35  
2 .98  
2 .87  
3 .71  
3 .50  
2 .91  
3 .11  
3 .50  
3 .72  
3 .70  
3 .14  
3 .27  
3 .27  
3 .74  
3 .07  
2 .83  
3 .70  
3 .39  
3 .27  
2 .87  
3 .07  
3 .13  
2 .70  
2 .35  
3 .02  
2 .97  
2 .71  
2 .37  
2 .77  
3 .05  
2 .91  
2 .47  
3 .08  
2 .95  
2 .47  
2 .29  
2 .85  
3 .32  
2 .56  
2 .25  
3 .38  
3 .28  
2 .54  
2 .95  
3 .43  
2 .90  
3 .00  
3 .65  
3 .61  
3 .44  
3 .53  
3 .48  
3 .83  
3 .83  
3 .09  
3 .55  
3 .57  
3 .50  
2 .39  
3 .00  
3 .46  
3 .75  
3 .52  
2 .89  
3 .27  
3 .52  
2 . 6 8  
2 .76  
3 .17  
3 .01  
2 .70  
2 .35  
2 .79  
3 .14  
2 .63  
2 .30  
3 .30  
3 .13  
2 .56  
2 .40  
3 .05  
3 .50  
2 .54  
2 .59  
3 .43  
3 .18  
2 .84  
3 .01  
3 .26  
3 .02  
3 .18  
3 .09  
3 .87  
3 .57  
3 .63  
3 .39  
3 .81  
3 .80  
3 .08  
3 .77  
3 .56  
3 .29  
2 .26  
3 .46  
3  .25  
3 .81  
3 .48  
3 .51  
3 .25  
3 .48  
2 .83  
2 .55  
3 .11  
2 .95  
2 .54  
2 .49  
3 .08  
3 .45  
2 .55  
2 .66  
3 .45  
3 .08  
2 .79  
2 .49  
3 .12  
3 .42  
2.88 
2 .76  
3 .57  
3 .20  
2 .93  
3 .04  
3 .22  
3 .04  
3 .00  
3 .13  
3 .81  
4 .13  
3 .83  
3 .46  
3 .96  
3 .73  
3 .32  
3 .67  
3 .40  
3 .26  
2 .45  
3 .70  
3 .22  
3 .79  
3 .53  
3 .64  
3 .65  
3 .65  
2 .95  
2 .72  
3 .06  
2 .96  
2 .80  
2 .51  
3 .43  
3 .34  
3 .04  
2.81 
3.50  
3 .16  
2 .91  
11 .92  
13 .80  
15 .93  
13 .34  
12 .35  
15 .13  
14 .58  
12 .55  
14 .04  
15 .49  
13 .60  
13 .28  
16 .25  
16 .91  
14 .55  
14 .40  
15 .45  
17 .03  
16 .92  
14 .45  
16.62 
16 .42  
17 .54  
12 .79  
15 .04  
16.50 
16.49  
15 .17  
14 .36  
15 .37  
16 .19  
12 . 62  
12.18 
15.44  
13 .88  
12 .96  
12 .34  
14 .33  
15 .37  
13 .28  
12 .44  
15 .02  
14 .23  
13 .16  
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Table 150. (Continued) 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
7 /30/68  
7 /25/68  
64  
71  
72  
73  
74  
8 1  
82 
83 
84  
91  
92  
93  
94  
11 
12 
13 
14  
21 
22 
23 
24  
31  
32  
33  
34  
41  
42  
43  
44  
51 
52 
53  
54  
6 1  
62 
63 
64  
71  
72  
73  
74  
81 
82 
83  
2 .52  
3 .27  
2 .82  
2 .61  
3 .57  
3 .16  
3 .15  
2 . 6 6  
2.98  
2 .94  
3 .30  
2 .89  
2 .88  
3 .42  
3 .26  
2 .07  
2 .27  
3 .06  
3 .04  
1 .64  
2 .39  
3 .46  
3 .24  
1 .89  
2 .04  
2 .44  
1 .95  
2 .13  
2 .00  
2 .49  
2 . 6 0  
2.08 
1 .93  
2 .24  
d  c  
z.. 
2.41  
2 .07  
2 .14  
2 . 2 0  
2 , 1 2  
2 .47  
2 .53  
2 .07  
2 .20  
2 .53  
2.73 
2.44  
2 .00  
2 .75  
2 .95  
2 .81  
2.03  
2.52 
2.83  
2 .71  
2 .43  
3 .06  
2 .43  
3 .42  
2 .57  
2 .32  
2 .42  
2 .51  
1 .91  
2 .25  
2 .55  
2 .97  
1 .81  
1 .78  
2 . 2 0  
2.03  
1 .93  
2 .03  
2.64 
2.41  
2 . 0 8  
2.13  
2 . 1 8  
2.14  
1 .85  
2 . 1 8  
2.55  
2 . 1 1  
1 .78  
2 .51  
2 .50  
2 .59  
1 . 8 6  
3.04  
3 .33  
3 .00  
2.80 
3.58  
3 .46  
2 .85  
2 .99  
3 .47  
3 .68  
3 .52  
2 .98  
3 .25  
2 .90  
3 .66  
2 .75  
2 .45  
3 .06  
3 .04  
2 .94  
2 .66  
2 .95  
2 .90  
2 . 2 2  
2 .37  
2 . 1 1  
1 .93  
2 .35  
2 .65  
2 .37  
2 .09  
2 .94  
2.22 
2.94  
3 .14  
2 .78  
2 .61  
3.25  
3 .26  
2 .78  
2 .87  
2 .91  
3 .34  
2 .86  
3 .07  
3 .59  
3 .77  
3 .44  
3 .50  
3 .46  
3 .77  
3 .81  
3 .03  
3 .51  
3 .43  
3 .38  
2 .32  
2 .92  
3.05 
3.60  
3 .51  
2 .95  
3 .21  
3 .39  
2 . 6 2  
1 .86  2 .51  
2 .87  
2.42 
2 .20  
2 .85  
3 .12  
2 .59  
2 .25  
3 .20  
o in 
. X :/ 
2.45  
2 .96  
3 .33  
2 .92  
2 .91  
3 .60  
3 .73  
3 .30  
3 .52  
2 .97  
3 .28  
3 .02  
3 .17  
3 .12  
3 .77  
3 .59  
3.62 
3.49  
3 .84  
3.66 
3.04  
3 .64  
3 .47  
3 .35  
2 .37  
3 .53  
3 .57  
3 .74  
3 .50  
3 .60  
3 .33  
3 .37  
2 .93  
2 .52  
2 .97  
2 .92  
2 .41  
2 .35  
3 .15  
3 .39  
2 .51  
2 .64  
3 .41  
3  11  
2 .77  
3 .00  
3 .35  
3 .08  
3 .16  
3 .22  
4 .00  
3 .59  
3 .71  
2 .98  
3 .24  
3 .09  
3 .01  
3 .04  
3 .77  
4 .04  
3.76 
3.47  
3 .92  
3 .64  
3 .24  
3 .59  
3 .26  
3.26 
2.39  
3 .64  
3 .73  
3 .78  
3 .56  
3 .60  
3 .31  
3 .60  
3 .08  
2 . 8 2  
3.05  
2 .91  
2 .71  
2 .38  
3 .26  
3 .38  
3 .02  
2 .74  
3 .46  
3 .06  
2.89  
3 .01  
3 .31  
3 .15  
2 .98  
3 .12  
3 .92  
4 .09  
3 .85  
13 .97  
15 .95  
14 .14  
13 .65  
16.61 
17 .11  
15 .84  
14 .80  
15 .92  
17 .06  
17 .00  
14 .37  
16 ,34  
16 .65  
17 .07  
12.08 
13.49  
15 .16  
15 .93  
13 .50  
13 .85  
15 .50  
15 .87  
11 .47  
10 .71  
12 .53  
12 .14  
11.00 
10 .51  
13 .48  
14 .17  
11 .63  
11 .04  
13 .97  
13 .64  
11.70 
31 .15  
14 .51  
13 .09  
12 .58  
15 .05  
16.02 
14 .33  
14 .16  
362 
Table 150. (Continued) 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
84  2 .42  2 .43  2 .97  3 .54  3 .53  3 .60  14 .89  
91  2 .29  2 .44  3 .64  3 .88  3 .80  3 .95  16 .05  
92  2 .82  2 .60  3 .31  3 .83  3 .77  3 .81  16 .33  
93  2 .36  2 .27  2 .78  3 .15  3 .11  3 .36  13 .67  
94  2 .17  2 .76  3 .30  3 .57  3 .80  3 .91  15 .60  
8 /6 /68  11  3 .42  2 .52  2 .57  3 .24  3 .40  3 .31  15 .15  
12  3 .26  3 .38  3 .48  3 .28  3 .15  3 .11  16 .55  
13  2 .19  2 .47  2 .61  2 .38  2 .36  2 .49  12 .01  
14  3 .48  2 .44  2 .34  2 .97  3 .57  3 .69  14 .80  
21  3 .06  2 .32  2 .85  2 .94  3 .52  3 .74  14 .69  
22  3 .04  2 .48  2 .86  3 .52  3 .75  3 .75  15 .65  
23  2 .91  2 .50  2 .63  2 .40  2 .38  2 .52  12 .82  
24  2 .78  2 .45  2 .35  3 .00  3 .60  3 .73  14 .18  
31  3 .46  2 .46  2 .78  3 .17  3 .15  3 .19  15 .02  
32  3 .24  2 .96  2 .91  3 .26  3 .22  3 .92  15 .59  
33  2 .66  1 .77  2 .11  2 .55  2 .80  2 .91  11 .89  
34  2 .87  1 .83  1 .86  2 .33  2 .37  2 .68  11 .26  
8 /7 /68  41  3 .24  2 .23  2 .03  2 .48  2 .96  3 .03  12 .94  
42  2 .84  2 .06  2 .27  2 .76  2 .92  2 .82  12 .85  
43  3 .13  2 .01  2 .09  2 .36  2 .45  2 .77  12 .04  
44  2 .29  2 .08  1 .94  2 .27  2 .43  2 .47  11 .01  
51  2 .56  2 .60  2 .21  2 .67  3 .10  3 .21  13 .14  
52  3 .11  2 .40  2 .27  2 .87  3 .29  3 .20  13 .94  
53  2 .76  2 .16  2 .23  2 .48  2 .56  3 .01  12 .19  
54  2 .42  2 .14  1 .94  2 .24  2 .69  2 .81  11 .43  
61  2 .OS 2 .05  2 .86  3 .37  3 .42  3 .61  13 .79  
62  2 .90  2 .18  2 .79  3 ,17  3 .10  3 .21  14 .14  
63  3 .00  1 .84  1 .96  2 .32  2 .74  2 .95  11 .86  
64  2 .51  2 .07  2 .73  2 .83  2 .98  3 .02  13 .12  
71  3 .10  2 .54  2 ,69  3 .08  3 .29  3 .31  14 .70  
72  2 .54  2 .05  2 .45  2 .78  3 .01  3 .22  12 .83  
73  2 .75  1 .75  2 .33  2 .93  3 .17  2 .96  12 .93  
74  3 .34  2 .64  2 .89  3 .22  3 .07  3 .17  15 .16  
81  3 .06  2 .74  2 .94  3 .57  3 .82  3 .80  16 .13  
32  2 .95  2 .50  2 .71  3 .37  3 .53  4 .07  15 .06  
83  2 .55  1 .90  2 .70  3 .59  3 .81  3 .80  14 .55  
84  3 .10  2 .51  2 .77  3 .34  3 .49  3 .62  15 .21  
91  3 .00  2 .25  3 .54  3 .77  3 .86  3 .92  16 .42  
92  3 .33  2 .61  3 .05  3 .64  3 .63  3 .82  16 .26  
93  2 .72  2 .25  2 .55  2 .93  3 .14  3 .39  13 ,59  
94  2 ,37  2 .50  3 .19  3 .62  3 .79  3 .84  15 .47  
8 /20/68  11  3 .02  2 .46  2 .39  2 .97  3 .33  3 .21  14 .17  
12  3 .31  3 .30  3 .19  3 .23  3 .07  3 .09  16 .10  
13  2 .20  2 .45  2 .35  2 .25  2 .33  2 .47  11 .58  
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Table 150, (Continued) 
Date  
Mo/day/yr  S i te  #  
Depth in  feet  Total  
5 '  
8 /19/68  
9/14/68 
14 
21 
22 
23  
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
61  
62 
63 
64  
71  
72  
73  
74  
81 
82 
83  
84  
91  
92  
93  
94  
11 
12 
13 
14  
21 
22 
23 
24  
31  
32  
33  
2 .67  
2 .76  
2 .69  
2 .73  
2 .57  
2 .80  
3 .09  
2 .26  
2 .60  
2 .51  
2 .64  
2 .69  
2 .69  
2.26 
3.39  
2 .45  
2 .70  
2 .38  
2.21 
2.73  
2 .59  
3 .19  
2 .46  
2 ,25  
3 ,02  
3 .04  
3 .00  
2 .74  
2 .71  
2 .95  
3 .21  
2 .77  
2 .42  
3 .21  
3 .28  
2 . 2 1  
3.07  
3 .02  
2 .84  
2 .51  
2 .58  
3 .22  
3 .33  
2 . 1 1  
2 .37  
2 .35  
2 .42  
1 .89  
2 .18 
2 . 2 6  
2 .8 8  
1.80 
1 .73  
2 .19  
2 .02  
2 . 0 2  
2.05  
2 .50  
2 . 2 8  
2.04  
2 . 0 1  
1 .97  
2 .13  
1 .83  
2 .02  
2 .26  
2 .10  
1.79  
2 .50  
2 .45  
2 .51  
1 .89  
2 .41  
2 .14  
2 . 6 0  
2.24  
2 .33  
2 .74  
3 /.n 
2 .45  
2 .36  
2 .31  
2 .34  
1.80 
2 .25  
2 . 8 2  
3.63  
1 .84  
2 .22  
2 .57  
2 .45  
2 .45  
2 .29  
2 ,41  
2 .69  
1 .92  
1 .76  
2 .02 
2 .06  
1 .98  
1 .69  
2.00 
2.09  
1 .94  
1 .74  
2 .70  
2 .58  
1 .85  
2 .39  
2 . 6 2  
2 .23  
2 .17  
2 .63  
2 .65  
2 .51  
2 .55  
2 ,67  
3 .34  
2 .87  
2 .34  
3 .10  
2 .20  
3 .05  
2 . 1 1  
2 .13  
2 .34  
2 .14  
2 .21  
2 .17  
2 .22  
3 .30  
1 .89  
2.80 
2 .88  
3 .38  
3 .30  
2 .86  
2 .89  
3 .06  
2.20 
1.99  
2 .11  
2.35  
2 .22  
2 .29  
2 .38  
2 .29  
2 . 1 1  
1 .93  
3 .22  
3 .09  
2 . 1 1  
2 .85  
2 .75  
2 .69  
2 .80  
2.93  
3 .30  
3 .25  
3 .35  
3 .14  
3 .67  
3 .33  
2 .58  
3 .55  
2 .48  
2 .86  
2 .17  
2 .48  
2 .73  
3 .26  
3 .16  
2 .64  
2 .78  
3 .36  
2 .01  
3 .54  
3 .53  
3 .65  
3 .46  
3 .54  
2 .99  
3 ,07  
2 .73  
2 .22  
2 . 6 6  
2 .77  
2 .37  
2 .50  
2 .96  
2 .87  
2 .41  
2 .54  
3 .40  
3 .13  
2 .68  
2 .93  
3 .16  
2 .99  
3 .16  
2 .96  
3 .73  
3 .57  
3 .62  
3 ,54  
3 .78  
3 .64  
3 .10  
3 .69  
2 .76  
2.86 
2 . 1 2  
3.50  
3 .35  
3 .62  
3 .24  
3 .48  
2 .94  
3 .29  
2 .70  
3 .75  
3 .71  
3 .79  
3 .44  
3 .70  
3 .16  
3 .35  
2 .87  
2 .70  
2 .93  
2 .87  
2 .74  
2 .45  
3 .17  
3 .08  
2 .92  
2 .76  
3 .56  
3 .26  
2 .83  
2 .99  
3 .32  
3 .13  
2 .95  
2 ,95  
3 .71  
4 .11  
3 .82  
3 .53  
3 .90  
3 .76  
3 .48  
3 .74  
2 .84  
2  = 96  
2 .38  
3 .65  
3 .58  
3 .72  
3 .12  
3 .54  
3 .00  
3 .55  
2 . 8 6  
13.60  
14 .09  
14 .59  
13 .83  
13 ,44  
13 .35  
14 .79  
10 .91  
10 .30  
11 .49  
11 .84  
11.28 
11.22 
12.10 
12 .92  
10 .95  
10 .92  
13 .67  
13 .14  
11.20 
12.78  
13 .98  
12 .47  
12 .17  
14 .04  
15 ,  l@ 
14 .84  
14 .15  
14 .47  
15 .88  
15 .65  
13 .03  
15 .09  
13 .39  
15-45  
11.06 
13 .54  
13 .75  
14 .20  
12 .92  
13 .12  
13 .98  
16 .91  
10 .55  
364 
Table 150. (Continued) 
Date  Depth in  feeL Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5  '  
34  2 .11  1 .72  1 .68  1 .84  2 .01  2 ,59  9 .36  
9 /14/68  41  2 .42  2 .21  2 .03  2 .09  2 .23  2 .67  10 .98  
42  3 .03  2 .15  2 .09  2 ,09  2 .36  2 .68  11 .72  
43  3 .28  2 .31  2 .05  2 .08  2 .17  2 .69  11 .89  
44  2 .24  2 .26  2 .10  2 .07  2 .28  2 .62  10 .95  
51  3 .14  3 .04  2 .10  2 .12  2 .91  3 .20  13 .31  
52  3 .13  2 .94  2 ,21  2 .06  2 .54  2 .91  12 .88  
53  3 .38  2 .10  1 .89  1 .91  2 .26  2 .96  11 .54  
54  2 .31  2 .02  1 .73  1 .85  2 .58  2 .79  10 .49  
61  2 .62  2 .15  2 .23  2 .87  3 .19  3 .40  13 .06  
62  2 .61  2 .08  2 .23  2 .90  2 .88  3 .07  12 .70  
63  2 .78  1 .85  1 .69  1 .92  2 .43  2 .65  10 .67  
64  2 .58  2 .08  2 .02  2 .30  2 .71  2 .77  11 .69  
/ I  3 .06  2 .83  2 .37  2 .37  2 .88  3 .22  13 .51  
H 2.22  2 .21  1 .85  2 .31  2 .86  3 .05  11 .45  
73  2 .91  1 .93  1 .94  2 .50  2 .92  2 .76  12 .20  
74  3 .31  3 .08  2 .55  2 .62  2 .46  2 .64  14 .02  
81  3 .20  3 .26  2 .43  2 .83  3 ,36  3 .67  15 .08  
82  3 .03  2 .65  2 .37  3 .11  3 .47  4 .01  14 .63  
83  2 .78  2 .11  2 .25  3 .25  3 .54  3 .77  13 .93  
84  2 .39  2 .32  2 .49  2 .81  3 .36  3 .4V 13 .37  
91  2 ,81  2 .08  2 .73  3 .43  3 .54  3 .74  14 .59  
92  3 .20  2 .82  2 .65  3 .04  3 .42  3 .53  15 .13  
93  2 ,61  2 .28  2 .18  2 .28  2 .85  3 .35  12 .20  
94  2 .64  2 .30  2 .93  3 .26  3 .56  3 .56  14 .69  
6 /1 / /69  i l  4 .21  3 .62  3 .52  3 .59  3 .46  3 .37  18 .40  
12  4 .06  4 .07  3 .91  3 .59  3 .41  3 .39  19 .04  
13  3 .57  3 .61  3 ,48  3 .25  2 .96  3 .21  16 .87  
14  4 .03  3 .59  3 .19  3 .32  3 .80  3 .84  17 .93  
21  3 .69  3 .59  3 .55  3 .74  3 .89  4 .00  18 .46  
22  4 .05  3 .59  3 .55  3 .74  3 .89  4 .00  18 .82  
23  4 ,18  3 .30  3 .52  3 .81  3 .77  3 .84  18 .58  
24  3 .90  3 .55  3 .47  3 .83  3 .84  3 .90  18 ,59  
31  3 .48  3 .10  3 .17  3 .24  3 .46  3 .57  16 .45  
32  3 .60  3 .60  3 .19  3 .60  3 .76  4 .09  17 .75  
33  3 .58  3 .15  3 .30  3 .32  3 .36  3 .38  16 .71  
34  3 .67  2 .99  3 .07  3 .24  2 .98  3 .36  15 .95  
6 /16/69  41  4 .53  3 .82  3 .46  3 .30  3 .48  3 .51  18 .59  
42  3 .99  3 .65  3 .23  3 .30  3 .41  3 .50  17 .58  
43  3 .95  3 .44  3 .13  3 .29  3 .57  3 .86  17 .38  
44  3 .97  3 .25  2 .83  3 .00  3 .67  3 .84  16 .72  
51  3 .88  4 .11  3 .29  3 .32  3 .73  4 .06  18 .33  
52  4 .04  3 .66  3 .30  3 .19  3 .39  3 .37  17 .58  
53  4 .12  3 .34  3 .14  3 .25  3 .36  3 .58  17 .21  
365 
Table 150. (Continued 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #123456 5' 
6/25/69  
6 /24/69  
54  
61 
62 
63 
64  
71  
72  
73  
74  
81 
82 
83  
84  
91  
92  
93  
94  
11 
12 
13  
14  
21 
22 
23 
24  
31 
32 
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
6 1  
62 
63  
64  
71  
72  
73  
3 .86  
3 .18  
3 .84  
3 .09  
3 .56  
3 .93  
3 .39  
3 .82  
4 .24  
4 .00  
3 .55  
3 .46  
3 .60  
3 .53  
3 .86  
3 .93  
3 .60  
3 .59  
3 .68  
3 .43  
3 .64  
3 .66  
3 .93  
3 .99  
3 .81  
3.82 
4.15  
3 .67  
4 .06  
4 .39  
3 .81  
3 .94  
3 .93  
3 .85  
4 .15  
4 .14  
3 .91  
3 .30  
3 .79  
3 .90  
3 .60  
3 .85  
3 .32  
3 .47  
3 .32  
3 .09  
3 .24  
3 .11  
3 .41  
3 .82  
3 .34  
3 .01  
3 .90  
3 .83  
3 ,61  
2 .83  
3 .68  
3 .53  
3 .78  
3 .54  
3 .76  
3 .63  
4 .01  
3 .47  
3 ,58  
3 .56  
3 .55  
3 .18  
3 .34  
3 .  IS  
3 .54  
3 .03  
2 .84  
3 .61  
3 .43  
3 .17  
3 .05  
3 .95  
3 .41  
3 .13  
2 .94  
3 .44  
3 .21  
3 .05  
3 .31  
3 .76  
3 .28  
2 .83  
3 .15  
3 .38  
3 .54  
3 .00  
3 ,58  
3 ,64  
3 .34  
3 .26  
3 .87  
3 .67  
3 .30  
3 .31  
3 .13  
3 .92  
4 .00  
3 .05  
3 .76  
3 .52  
3 .83  
3 .35  
3 .33  
3 .54  
3 .40  
3 .46  
3 .51  
3 .23  
3 .27  
3 .29  
3 .05  
3 .26  
3 .19  
2 .95  
2 .75  
3 .26  
3 .18  
3 .00  
3 .00  
3 .43  
3 .52  
3 .01  
3 .55  
3 .64  
3 .27  
3 ,15  
3 .46  
3 .55  
3 .69  
3 .30  
3 .54  
3 .56  
3 .39  
3 .57  
3 .75  
3 .75  
3 .75  
3 .70  
3 .37  
4 .00  
3 .96  
3 .17  
4 .05  
3 .78  
3 .64  
3 .24  
3 .24  
3 .69  
3 .88  
3 .82  
3 .72  
3 .42  
3 .54  
3 .39  
3 .26  
3 .30  
3 .36  
3 .18  
3 .00  
3 .28  
3 .09  
2 .99  
3 .33  
3 .66  
3 .79  
3 .32  
3 .44  
3 .47  
3 .44  
3 .43  
3 .43  
3 .68  
3 .57  
3 .37  
3 .33  
3 .60  
3 .36  
3 .46  
3 .68  
3 .81  
3 .86  
3 .82  
3 .24  
3 .96  
3 .87  
3 .16  
4 .06  
3 .68  
3 .44  
3 .02  
3 .75  
3 .92  
3 .88  
3 .76  
3 .82  
3 .44  
3 .64  
3 .34  
3 .04  
3 .44  
3 .51  
3 .46  
3 .63  
3 .75  
3 .42  
3 .21  
3 .33  
3 .75  
3 .64  
3 .44  
3 .34  
3 .63  
3 .47  
3 .58  
3 .52  
3 .91  
3 .57  
3 .61  
3 .42  
3 .70  
3 .39  
3 .28  
3 .75  
3 .85  
3 .98  
4 .04  
3 .29  
4 .03  
3 .82  
3 .29  
4 .19  
3 .56  
3 .45  
3 .30  
3 .91  
3 .96  
3 .88  
3 .75  
3 .86  
3 .77  
4 .07  
3 .38  
3 .21  
3 .64  
3 .57  
3 .82  
3 .73  
3 .99  
3 .43  
3 .41  
3 .38  
3 .92  
3 .63  
3 .50  
3 .35  
3 .62  
3 .49  
3 .31  
17 .42  
16 .88  
17 .88  
15 .87  
17 .42  
18 .55  
16.82 
17.12  
19 .44  
19 .06  
18 .07  
17 .12  
17 .20  
18 .94  
19 .47  
16 .85  
19 .23  
18.20 
18.60 
16.51  
17 .54  
18 .37  
22 .52  
18.21 
18.20 
17 = 09  
18 .14  
16 .72  
16 .25  
18,00 
17.30  
16 .70  
16 .36  
18 .09  
17 .25  
16 .47  
16 .51  
17 .58  
17 .95  
16 .72  
17 .24  
18 .35  
16 .78  
16 .46  
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Table 150. (Continued) 
Date  
Mo/day/yr  S i te  #  
Depth in  feet  Total  
5 '  
7 /2 /69  
7 /2 /69  
74  
81 
82 
83 
84  
91  
92  
93  
94  
11 
12 
13  
14  
21 
22 
23 
24  
31  
32  
33  
34  
41  
42  
43  
44  
51 
52 
53  
54  
6 1  
62 
63 
64  
71  
72  
73  
74  
81 
82 
83  
84  
91  
92  
93  
3 .96  
4 .12  
3 .60  
3 .44  
3 .51  
3 .49  
3 .70  
3 .84  
3 .64  
3 .72  
3 .94  
3 .54  
3 .82  
3 .52  
3 .73  
3 .77  
3 .63  
3 .47  
3 .60  
3 .47  
3 .49  
4 .22  
3 .84  
3 .83  
3 .83  
3 .88  
3 .92  
4 .01  
3 .77  
3 .13  
3 .47  
3 .70  
3 .45  
3 .71  
3:20  
3 .47  
3 .88  
3 .87  
3 .38  
3 .26  
3 .41  
3 .46  
3 .72  
3 .66  
3 .57  
3 .68  
3 .46  
2 .74  
3 .66  
3 .42  
3 .76  
3 .17  
3 .65  
3 .56  
4 .14  
3 .52  
3 .45  
3 .54  
3 .47  
3 .15  
3 .29  
3 .20  
3 .56  
3 .00  
2 .93  
82 
28 
26 
04  
00 
3.51  
3 .11  
3 .42  
3 .31  
3 .32  
3 .01  
3 .46  
3 .67  
3 ,18  
2 .89  
3 .55  
3 .77  
3 .54  
2 .70  
3 .60  
3 .49  
3 .73  
3 .36  
3 .59  
3 .70  
3 .23  
3 .23  
3 .12  
3 .87  
3 .98  
3 .11  
3 .78  
3 .43  
3 .74  
3 .43  
3 .26  
3 .58  
3 .40  
3 .48  
3 .27  
3 .22  
3 .22  
3 .25  
3 .09  
3 .47  
3 .17  
2 .98  
2 .73  
3 ,31  
3 .22  
3 .05  
3 .11  
3 .62  
3 .58  
2 .99  
3 .63  
3 .64  
3 .22  
3 .18  
3 .63  
3 .70  
3 .14  
3 .35  
3 .05  
3 .88  
3 .88  
3 .05  
3 .75  
3 .93  
3 .50  
3 .70  
3 .42  
4 .04  
4 .09  
3 .10  
3 .81  
3 .61  
3 .59  
3 .29  
3 .27  
3 .68  
3 .85  
3 .78  
3 .75  
3 .43  
3 .63  
3 .36  
3 .33  
3 .38  
3 .33  
3 .12  
2 . 8 2  
3,20 
3.17  
3 .15  
3 .43  
3 .77  
3 .84  
3 .38  
3 .47  
3 .48  
3 .39  
3 .52  
3 .75  
3 .84  
3 .65  
3 .61  
3 .39  
4 .00  
3 .93  
3 .08  
3 .55  
4 .01  
3 .66  
3 .89  
3 .36  
4 .08  
3 .91  
3 .14  
3 .94  
3 .56  
3 .39  
2 .96  
3 .72  
3 .93  
3 .93  
3 .79  
3 .79  
3 .53  
3 .65  
3 .45  
3 .09  
3 .46  
3 .42  
3 .50  
3 .54  
3 .77  
3 .33  
3 .32  
3 .40  
3 .90  
3 .65  
3 .44  
3 .33  
3 .60  
3 .39  
3 .51  
3 .61  
3 .92  
3 .81  
3 .86  
3 .31  
4 .05  
3 .81  
3 .21  
3 .72  
3 .96  
4 .00  
4 .04  
3 .47  
4 .15  
4 .04  
3 .32  
4 .09  
3 .43  
3 .37  
3 .13  
3 .94  
4 .01  
4 .01  
3 .82  
3 .89  
4 .01  
4 .01  
3 .44  
3 .32  
3 .57  
3 .49  
3 .79  
3 .63  
4 .01  
3 .32  
3 .49  
3 .51  
3 .93  
3 .67  
3 .57  
3 .35  
3 .76  
3 .49  
3 .40  
3 .69  
3 .90  
3 .89  
4 .11  
3 .42  
4 .24  
3 .81  
3 .24  
18 .42  
19 .44  
17 .88  
17 .00  
17 .07  
18 .90  
19 .44  
16 .36  
18.82 
17.88  
18 .70  
16 ,54  
17 .52  
18 .25  
18 .38  
17 .97  
17 .73  
16 .85  
17 .66  
16 .53  
15 .93  
18 .35  
17 .04  
16 .69  
15 .96  
18 .16  
17.15  
16 .64  
17 .13  
17 .73  
17 .86  
16 .52  
17 .34  
18.10 
16.38  
16 .57  
18 .42  
19 .10  
17 .52  
16 .78  
16 .76  
18.88 
19.07  
16 .36  
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Table 150. (Continued) 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
94  3 .53  3 .84  3 .79  3 .86  4 .12  4 .16  19 .14  
7 /11/69  11  4 .07  3 .48  3 .43  3 .79  3 .76  3 .59  18 .53  
12  4 .18  4 .10  3 .82  3 .62  3 .51  3 .51  19 .23  
13  3 .56  3 .39  3 .42  3 .29  3 .01  3 ,24  16 .67  
14  3 .92  3 .56  3 .25  3 .39  3 .79  3 .89  17 .91  
21  3 .54  3 .28  3 .48  3 .64  3 .89  3 .89  17 .83  
22  3 .78  3 .47  3 .39  3 .84  3 .94  3 .89  18 .42  
23  3 .65  3 .13  3 .55  3 .81  3 .90  3 .92  18 .04  
24  3 .85  3 .23  3 .39  3 .75  3 .83  4 .03  18 .06  
31  3 .44  3 .20  3 .15  3 .41  3 .53  3 .94  16 .73  
32  3 .38  3 .24  3 .19  3 .64  3 .55  3 .94  17 .00  
33  3 .39  3 .04  3 .29  3 .40  3 .34  3 .46  16 .46  
34  3 .34  3 .79  3 .98  3 .31  2 .96  3 .40  16 .38  
7 /11/69  41  4 .41  3 .63  3 .30  3 .51  3 .49  3 .67  18 .34  
42  3 .84  3 .22  3 .14  3 .37  3 .42  3 .61  16 .99  
43  3 .73  3 .09  2 .95  3 .21  3 .43  3 .85  16 .41  
44  3 .84  2 .84  2 .62  2 .83  3 .45  3 .60  15 .58  
51  3 .66  3 .70  3 .10  3 .25  3 .68  4 .03  17 .39  
52  4 .22  3 .42  3 .14  3 .06  3 .40  3 .29  17 .24  
53  3 .97  2 .98  2 .95  3 .13  3 .16  3 .42  16 .19  
54  3 .72  3 .10  2 .87  3 .23  3 .27  3 .33  16 .19  
61  3 .41  3 .26  3 .43  3 .52  3 .68  3 .70  17 .30  
62  3 .59  3 .18  3 .58  3 .84  3 .69  3 .71  17 .88  
63  3 .99  2 .82  2 .89  3 .30  3 .35  3 .44  16 .35  
64  3 .58  3 .38  3 .60  3 .35  3 .36  3 .33  17 .27  
71  3 .85  3 .73  3 .60  3 .48  3 .53  3 .64  18 .19  
72  3 .38  3 .12  3 .15  3 .36  3 .29  3 .41  16 .30  
73  3 .70  2 .77  3 .17  3 .50  3 .47  3 .33  16 .61  
74  3 .58  3 .40  3 .56  3 .64  3 .49  3 .66  17 .67  
81  3 .87  3 .49  3 .66  3 .89  3 .94  3 .98  18 .85  
82  3 .62  3 .33  3 .03  3 .51  3 .58  3 .85  17 .07  
83  3 .25  2 .71  3 .29  3 .66  3 .80  4 .01  16 .71  
84  3 .37  3 .43  3 .13  3 .33  3 .34  3 .46  16 .60  
91  3 .47  3 .49  3 .88  4 .01  4 .00  4 .07  18 .85  
92  3 .65  3 .54  3=83 3=91 3 .84  3 .85  18 .77  
93  3 .68  3 .20  2 .90  3 .07  3 .14  3 .32  15 .99  
94  3 .62  3 .69  3 .82  3 .96  4 .11  4 .25  19 .20  
7 /24/69  11  3 .90  3 .58  3 .54  3 .74  3 .61  3 .46  18 .37  
12  3 .78  4 .09  3 .94  3 .62  3 .55  3 .58  18 .98  
13  3 .31  3 .54  3 .60  3 .44  3 .26  3 .50  17 .15  
14  3 .79  3 .43  3 .44  3 .54  4 .01  4 .17  18 .21  
21  3 .45  3 .53  3 .82  3 .94  4 .06  4 .11  18 .80  
22  3 .75  3 .53  3 .82  3 .94  4 .06  4 .11  19 .10  
23  3 .59  3 .25  3 .74  3 .98  4 .02  4 .03  18 .58  
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Table 150. (Continued) 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
7 /23/69  
8 /5 /69  
8/5/69 
24 
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
61 
62 
63 
64  
71  
72  
73  
74  
81 
82 
83  
84  
91  
92  
93  
94  
11 
12 
13  
14  
21 
22 
23 
24  
31  
32  
33  
34  
41  
42  
43  
3 .58  
3 .59  
3 .56  
3 .46  
3 .42  
4 .32  
3 .96  
3 .89  
3 .90  
3 .64  
4 .28  
3 .89  
3 .85  
3 .28  
3 .64  
3 .85  
3 .43  
3 .87  
3 .30  
3 .49  
3 .93  
3 .75  
3 .55  
3 .24  
3 .53  
3 .54  
3 .77  
3 .81  
3 .61  
3 .55  
3 .71  
2 .69  
3 .42  
3 .24  
3 .45  
3 .36  
3 .13  
3 .41  
3 .26  
3 .25  
3 .15  
4 .06  
3 .40  
3 .45  
3 .41  
3 .37  
3 .64  
3 .16  
2 .69  
3 .78  
3 .45  
3 .22  
3 .12  
3 .93  
3 .56  
3 .32  
3 .31  
3 .44  
3 .39  
3 .05  
3 .47  
3 .76  
3 .43  
2 .97  
3 .47  
3 .67  
3 .39  
2 . 8 6  
3.58  
3 .45  
3 .70  
3 .35  
3 .69  
3 .25  
3 .64  
2 .95  
3 .00  
2 .95  
2  = 78  
2 .75  
2.86 
2.98  
3 .39  
2 .77  
2 . 1 1  
3 .23  
2 .73  
2 .54  
3 .50  
3 .56  
3 .72  
3 .44  
2 .97  
3 .43  
3 .34  
3 .18  
2 .83  
3 .30  
3 .40  
3 .36  
3 .07  
3 .62  
3 .71  
3 .06  
3 .71  
3 .76  
3 .27  
3 .15  
3 .67  
3 .80  
3 .17  
3 .39  
3 .25  
â .  0 0  
4.07  
3 .02  
3 .88  
3 .33  
3 .88  
3 .35  
2 .99  
3 .47  
3  = 33  
3 .44  
3 .38  
3 .21  
3 .27  
2 .98  
2 .74  
3 .05  
2 .93  
2 .75  
3 .83  
3 .93  
4 .01  
3 .54  
3 .24  
3 .43  
3 .43  
3 .27  
3 .03  
3 .39  
3 .57  
3 .34  
3 .27  
3 .79  
3 .79  
3 .48  
3 .44  
3 .66  
3 .46  
3 .44  
3 .91  
3 .93  
3 .65  
3 .74  
3 .50  
4 .09  
4 .13  
3 .11  
3 .94  
3 .64  
3 .55  
3 .24  
3 .34  
3 .69  
3 .80  
3 .83  
3 .66  
3 .45  
3 .76  
3 .33  
3 .20  
3 .20  
3 .22  
2 .98  
3 .78  
3 .94  
3 ,97  
3 .47  
3 .11  
3 .70  
3 .59  
3 .59  
3 .61  
3 .76  
4 .01  
3 .35  
3 .29  
3 .85  
3 .76  
3 .47  
3 .36  
3 .76  
3 .41  
3 .48  
3 .85  
4 ,15  
3 .74  
3 .91  
3 .47  
4 .04  
3 .99  
3 .14  
3 .95  
3 .53  
3 .44  
3 .05  
3 .78  
3 .97  
3.80 
3.82  
3 .72  
3 .67  
3 .78  
3 .29  
2 .96  
3 .50  
3 .21  
3 .44  
3 .86  
4 .17  
4 .30  
3 .61  
3 .36  
3 .02  
3 .69  
3 .90  
3 .69  
4 .12  
3 .99  
3 .56  
3 .37  
3 .81  
3 .68  
3 .54  
3 .48  
3 .88  
3 .53  
3 .32  
3 .99  
4 .20  
3 .94  
4 .02  
3 .74  
4 .05  
4 .02  
3 .28  
4 .17  
3 .47  
3 .46  
3 .29  
4 .05  
4 .13  
3 .90  
3 .81  
3 .81  
3 .79  
4 .07  
3 .45  
3 .31  
3 .48  
3 .29  
3 .43  
18.10 
18.39  
18 .90  
17 .07  
15 .43  
18.66 
17 .77  
17 .15  
16 .49  
18.02 
18.82 
17 .26  
16 .79  
17 .98  
18 .29  
16 .91  
17 .41  
18.81 
16.87  
16 .53  
18 .83  
19 .30  
17 .50  
17 .14  
17 .33  
19 .12  
19 .66  
16 .43  
19 .07  
17 .30  
18.22 
15 .28  
16 .53  
17 .32  
17 .16  
17 .20  
16 .75  
16 .72  
17 .46  
15 .62  
14 .16  
17 .04  
15 .49  
15 .16  
369a 
Table 150. (Continued) 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
8 /15/69  
8/14/69 
44 
51  
52  
53  
54  
6 1  
6 2  
63 
64  
71  
72  
73  
74  
81 
82 
83 
84  
91  
92  
93  
94  
11 
12 
13 
14  
21 
22 
23 
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
61  
62 
63  
3 .27  
3 .15  
3 .56  
3 .52  
3 .37  
2 .95  
3 .02  
3 .26  
3 .11  
3 .63  
2 .97  
3 .19  
3 .55  
3 .95  
3 .25  
2 .96  
3 .10  
3 .50  
3 .69  
3 .23  
3 .36  
2 .81  
2 .58  
2 .03  
2 .52  
2 .46  
2 .58  
2 .39  
2 .50  
2 .32  
2 .40  
2 .40  
2 .41  
3 .35  
2 .89  
2.80 
2.31  
2 .52  
3 .32  
2 .74  
2 . 6 6  
2.14  
2 .44  
2 .68  
2 .67  
3 .10  
2 .76  
2 .70  
2 .58  
3 .05  
2 .81  
2 .42  
2 .92  
3 .26  
2.88 
2 .34  
3 .04  
3 .05  
3 .13  
2 .65  
3 .15  
3 .25  
3 .13  
2 .99  
3 .52  
2 .69  
3 .09  
2 .37  
2 .50  
2 .49  
2 .43  
2 .20  
2 .35  
2 .74  
2 .70  
2 .30  
1 .92  
2 .95  
2 .36  
2 .41  
2 .24  
2.80 
2 .52  
2 .45  
2 .34  
2 .57  
2 .17  
2 .24  
2 .70  
3 .02  
2 .98  
2.80 
2.78  
3 .13  
3 .44  
2 .58  
3 .17  
3 .46  
3 .10  
2 .90  
3 ,36  
3 .36  
3 .05  
3 .09  
2.80 
3.68  
3 .62  
2 .74  
3 .54  
2 .99  
3 .64  
2 . 8 6  
2.30  
3 .13  
2.82 
3.19  
2 .95  
2 .99  
2 .98  
3 .00  
2 .15  
2 .98  
2.75 
2.47  
2 .55  
2 .54  
2 .80  
2 .57  
2 .43  
3 .19  
3 .15  
2 . 2 6  
2.95  
3 .34  
3 .07  
3 .03  
3 .10  
3 .32  
3 .42  
3 .10  
2 .90  
3 .37  
3 .21  
3 .33  
3 .65  
3 .76  
3 .66  
3 .70  
3 .33  
3 .94  
3 .94  
3 .03  
3 .82  
3 .39  
3 .33  
3 .15  
3 .13  
3 .44  
3 .55  
3 .64  
3 .56  
3 .25  
3 .48  
3 .14  
2 .96  
3 .10  
3 .08  
3 .01  
2 .96  
3 .02  
3 .12  
2 .99  
3 .06  
3 .36  
3 .73  
3 .11  
3 .37  
3 .58  
3 .40  
3 .00  
3 .15  
3 .37  
3 .23  
3 .23  
3 .03  
3 .61  
3 .32  
3 .37  
3 .57  
3 .87  
3 .75  
3 .79  
3 .29  
3 .87  
3 .98  
3 .05  
3 .98  
3 .37  
3 .26  
2 .97  
3 .70  
3 .81  
3 .66  
3 .67  
3 .79  
3 .39  
3 .63  
3 .23  
2 .96  
3 .28  
3 .29  
3 .29  
3 .51  
3 .66  
3 .42  
3 .08  
3 .23  
3 .55  
3 .52  
3 .29  
3 .35  
3 .80  
3 .40  
3 .00  
3 .38  
3 .50  
2 .75  
3 .32  
3 .03  
3 .70  
3 .54  
3 .16  
3 .77  
3 .94  
4 .05  
3 .93  
3 .57  
3 .98  
3 .98  
3 .23  
3 .99  
3 .41  
3 .29  
3 .24  
3 .80  
3 .86  
3 .85  
3 .72  
3 .84  
3 .54  
4 .04  
3 .28  
3 .29  
3 .48  
3 .46  
3 .66  
3 .64  
3 .86  
3 .45  
3 .35  
3 .36  
3 .75  
3 .59  
3 .46  
14 .96  
16 .19  
15 .77  
15 .05  
14 .98  
15 .82  
15 .92  
14 .59  
15 .13  
17 .33  
15 .48  
15 .13  
17 .17  
17 .99  
16 .84  
16 .19  
15 .67  
18 .24  
18 .36  
15 .04  
18.22 
15.25  
15 .90  
13 .38  
14 .15  
15 .33  
15 .04  
15 .09  
15 .15  
14 .69  
15 .19  
14 .07  
12 ,40  
15 .66  
14  = 37  
14 .07  
13 .57  
14 .54  
15 .18  
13 .83  
13 .72  
14 .81  
15 .01  
13 .58  
369b 
Table 150. (Continued) 
Date  Depth In  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
8 /27/69  
S/26/6S 
64  
71  
72  
73  
74  
81 
82 
83  
84  
91  
92  
93  
94  
11 
12 
13 
14  
21 
22 
23 
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
6 1  
62  
63 
64  
71  
72  
73  
74  
81  
82 
83 
2 .50  
2 .78  
2 .40  
2 .67  
2 .74  
2 .75  
2 .57  
2 .37  
2 .72  
2 .75  
2 .70  
2 .73  
3 .01  
3 .98  
4 .01  
3 .18  
3 .82  
3 .38  
3 .89  
3 .02  
3 .35  
3 .87  
3 .87  
3 .06  
3 .04  
4.0° 
3.44  
3 .67  
3 .27  
3 .49  
4 .39  
3 .63  
3 .60  
3 .06  
3 .39  
3 .40  
2 .98  
3 .81  
3 .04  
3 .43  
3 .97  
4 .14  
3 .48  
3 .10  
2 .64  
2 .99  
2 .53  
1 .94  
2.82 
2.55  
2 .63  
2 .42  
2 .73  
2 .86  
2 .84  
2 .63  
3 .30  
3 .69  
4 .13  
2 .96  
3 .38  
3 .07  
3 .62  
2 .82  
2 .93  
3 .47  
3 .47  
3 .03  
2 .69  
3 .74  
3 .09  
3 .18  
3 .12  
3 .51  
3 .80  
2 .78  
2 .34  
2 .69  
3 .07  
2 .91  
2 . 6 2  
3 .60  
2 .70  
3 .33  
3 .52  
3 .79  
3 .17  
2 .57  
3 .18  
3 .38  
2 .87  
3 .71  
3 .03  
2.86 
2 .78  
3 .05  
2 .46  
3 .58  
3 .25  
2 .59  
3 .40  
3 .58  
3 .87  
2 .55  
2 .41  
2 .95  
3 .54  
3 .10  
2 .74  
3 .62  
3 .82  
3 .18  
1 .96  
3 .36  
2 .83  
2 . 8 2  
2 .43  
2 .33  
3 .67  
2 .49  
2 .14  
3 .19  
3 .07  
2 .34  
3 .07  
3 .50  
2 .77  
2 .51  
2 .95  
3 .70  
2 .77  
3 .00  
3 .09  
3 .41  
3 .09  
3 .25  
3 .39  
3 .49  
3 .52  
3 .63  
3 .04  
3 .81  
3 .64  
2 .84  
3 .69  
3 .79  
3 .60  
3 .04  
3 .15  
3 .42  
3 .80  
3 .67  
3 .39  
3 .81  
3 .81  
3 .09  
2.80 
3 .41  
3 .01  
2 .93  
2 .98  
3 .00  
3 .70  
2 .96  
2 .70  
3 .47  
3 .49  
2 .92  
3 .16  
3 .31  
2 .97  
3 .20  
3 .06  
3 .90  
3 .45  
3 .63  
3 .14  
3 .54  
3 .18  
3 .41  
3 .58  
3 .80  
3 .69  
3 .84  
3 .13  
3 .85  
3 .76  
3 .06  
3 .94  
3 .71  
3 .46  
2 .89  
3 .77  
3 .82  
3 .88  
3 .76  
3 .86  
4 .01  
4 .01  
3 .20  
2 .73  
3 .67  
3 .44  
3 .27  
3 .44  
3 .70  
4 .15  
3 .23  
3 .20  
3 .74  
3 .41  
3 .27  
3 .26  
3 .61  
3 .20  
3 .36  
3 .43  
4 .02  
3 .65  
3 .82  
3 .19  
3 .78  
3 .34  
3 .22  
3 .75  
3 .91  
3 .94  
4 .06  
3 .44  
3 .98  
3 .85  
3 .26  
4 .03  
3 .62  
3 .58  
3 .14  
3 .98  
4 .04  
3 .89  
3 .86  
3 .94  
4 .14  
4 .14  
2 .46  
3 .09  
3 .82  
3 .52  
3 .76  
3 .58  
3 .88  
4 .00  
3 .43  
3 .41  
3 .78  
3 .53  
3 .43  
3 .24  
3 .68  
3 .37  
3 .13  
3 .59  
4 .21  
4 .04  
4 .04  
14 .55  
16.10 
14 .07  
13 .98  
15 .56  
15 .45  
15 .19  
15 .31  
14 .07  
16 .85  
16 .19  
13 .85  
17 .34  
18 .75  
iy .07  
14 .62  
16 .53  
17 .64  
18 .73  
16 .37  
16 .27  
18 .78  
18 .78  
15 .56  
13 .22  
18 .27  
15 .81  
15 .87  
15 .24  
16 .03  
19 .71  
16 .09  
13 .98  
16 .15  
16  = 43  
14 .84  
15 .09  
17 .83  
14 .68  
15 .83  
16 .93  
19 .55  
16 .52  
16.12 
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Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5  '  
9 /21/69  
9 /21/69  
6/11/70 
84 
91  
92  
93  
94  
11 
12 
13  
14  
21 
22 
23  
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
61  
62 
63  
64  
71  
72  
73  
74  
81  
82 
83 
84  
91  
92  
93  
94  
11 
12 
13  
3 .38  
3 .63  
3 .93  
3 .38  
3 .27  
3 .79  
3 .97  
2 .72  
3 .27  
3 .08  
3 .74  
2 .97  
3 .26  
3 .32  
3 .68  
3 .14  
2 .92  
3 .85  
3 .23  
3 .50  
3 .17  
3 .44  
3 .90  
3 .36  
3 .18  
2 .94  
2 .82  
3 .23  
3 .00  
3 .57  
2 .90  
3 .01  
3 .71  
4 .02  
3 .27  
2 .89  
3 .00  
3 .44  
3 .66  
3 .36  
3 .03  
3 .58  
3 .72  
3 .32  
3 .46  
3 .42  
3 .84  
2 .98  
3 .32  
3 .50  
3 .98  
2 .69  
3 .15  
2 .78  
3 .05  
2 .61  
2 .77  
2 . 6 6  
3.64  
2 .79  
2 .24  
3 .48  
2 .52  
2 .76  
2 .71  
3 .17  
3 .45  
2 . 6 1  
2 .27  
2 .70  
2 .63  
2 . 6 8  
2.74  
3 .43  
2 .52  
2 .07  
3 .23  
3 .60  
3 .16  
2 , 6 0  
3 .13  
3 .18  
3 .18  
2 .77  
3 .18  
3 .52  
3 .91  
3 .49  
2 .69  
3 .76  
3 .90  
2 .50  
3 .40  
3 .36  
3 .78  
2 . 6 1  
2 .38  
2 .91  
3 .48  
3 .00  
2 .69  
3 .07  
3 .13  
2 .90  
1 .94  
2 .97  
2 .41  
2 .29  
2 .34  
2 .33  
3 .18  
2 .19  
1 .92  
3 .02  
2 .98  
2 .17  
3 .03  
3 .15  
2 .54  
2 .31  
2 .82  
3 .47  
2.80 
2 .97  
2 .39  
3 .66  
3 .60  
2 .50  
3 .33  
3 .43  
3 .78  
3 .44  
2.86 
3 .93  
4 .09  
2 .78  
3 .76  
3 .52  
3 .56  
2 .84  
3 .16  
3 .26  
3 .74  
3 .63  
3 .19  
3 .35  
3 .40  
3 .10  
2 .51  
3 .17  
2 .65  
2 . 6 2  
2 .84  
2 .79  
3 .13  
2 .50  
2 .18  
3 .38  
3 .35  
2 .59  
3 .05  
3 .17  
2 .77  
3 .04  
2 ,89  
3 .54  
3 .39  
3 ,54  
2 .76  
3 .80  
3 .80  
2 .59  
3 .61  
3 .63  
3 .56  
3 .35  
3 .04  
3 .88  
3 .97  
3 .06  
3 .90  
3 .49  
3 .42  
2 .71  
3 .51  
3 .70  
3 .87  
3 .53  
3 .75  
3 .21  
3 .58  
3 ,19  
2 , 6 2  
3,25  
3 ,09  
2 .87  
3 .42  
3 .48  
3 .47  
2 .91  
2 .97  
3 . -59  
3 .32  
3 .00  
3 .13  
3 .38  
3 .08  
3 .12  
3 ,12  
3 ,66  
3 .71  
3 ,70  
2 .97  
3 .79  
3 .70  
3 .00  
3 .97  
3 .45  
3 .46  
3 .02  
3 ,45  
3 ,97  
3 ,97  
3 .22  
4 .07  
3 .48  
3 ,39  
3 .13  
3 .92  
3 .88  
3 .88  
3 .61  
3 ,86  
3 .44  
3 .95  
3 .41  
3 ,00  
3 .42  
3 .15  
3 .45  
3 .46  
2 .73  
3 .34  
3 .22  
3 .26  
3 ,71  
3 .37  
3 .17  
3 .24  
3 .71  
3 .26  
3 .05  
3 .58  
4 .00  
4  = 00  
3 .91  
3 .21  
3 .70  
3 .79  
3 .14  
4 .13  
3 ,44  
3 ,41  
3 .20  
15 ,43  
18.62 
19 ,73  
14 .70  
17 .65  
17 .66  
18 .71  
13 .57  
15 .47  
15 .73  
17 .88  
15 .74  
15 .66  
15 .61  
17 .43  
15 .12  
12 .23  
16 .72  
13 .90  
14 .04  
14 .48  
15 .21  
17 .13  
13 .57  
12 .52  
15 .63  
15 .10  
13 .67  
14 .95  
16 .70  
13 .81  
13 .55  
15 .77  
18 .29  
16  = 33  
15 .70  
14 .25  
17 .87  
17 .94  
14 .22  
17 .12  
17 .61  
18 ,43  
16 .62  
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Table 150. (Continued) 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5  '  
14  3 .32  3 .26  3 .11  3 .18  3 .72  3 .82  16 .59  
21  3 .50  3 .42  3 .47  3 .35  3 .60  3 .81  17 .34  
22  3 .42  3 .39  3 .33  3 .74  3 .75  3 .84  17 .63  
23  3 .06  3 .03  3 .55  3 .68  3 .59  3 .51  16 .91  
24  3 .20  3 .22  3 .47  3 .44  3 .80  3 .91  17 .13  
31  3 .04  3 .04  3 .11  3 .36  3 .45  3 .64  16 .00  
32  3 .34  3 .34  3 .22  3 .53  3 .62  3 .73  17 .05  
33  2 .80  2 .84  3 .22  3 .16  3 .18  3 .23  15 .20  
34  3 .00  2 .89  2 .98  3 .06  2 .79  3 .17  14 .72  
41  3 .76  2 .72  3 .19  3 .64  3 .77  3 .51  17 .08  
42  3 .76  3 .26  3 .15  3 .46  3 .59  3 .46  17 .22  
43  3 .64  3 .18  2 .97  3 .18  3 .29  3 .36  16 .26  
44  3 .64  2 .86  3 .20  3 .49  3 .59  3 ,50  16 .78  
51  3 .81  3 .77  3 .14  3 .32  3 .37  3 .59  17 .41  
52  3 .81  3 .49  3 .30  3 .33  3 .56  3 .64  17 .49  
53  3 .62  2 .98  3 .11  3 .02  2 .99  3 .05  15 .72  
54  3 .62  3 .08  2 .75  2 .68  3 .16  3 .19  15 .29  
61  3 .59  3 .39  3 .44  3 .59  3 .70  3 .74  17 .71  
62  3 .59  3 .21  3 .43  3 .51  3 .38  3 .46  17 .12  
63  3 .35  2 .81  2 .89  3 .02  3 .28  3 .29  15 .35  
64  3 .35  3 .28  3 .39  3 .11  3 .16  3 .26  16 .29  
71  3 .55  3 .66  3 .67  3 .59  3 .66  3 .65  18 .13  
72  3 .55  3 .19  3 .15  3 .14  3 .18  3 .47  16 .21  
73  3 .74  2 .86  3 .13  3 .20  3 .25  3 .07  16 .18  
74  3 .74  3 .64  3 .66  3 .74  3 .72  3 .72  18 .50  
81  3 .45  3 .54  3 .57  3 .SI  3 .95  3 .94  18 .43  
82  3 .46  3 .43  3 .08  3 .53  3 .67  3 .95  17 .17  
83  3 .02  2 .80  3 .10  3 .57  3 .70  3 .84  16 .19  
84  3 .02  2 .80  3 .10  3 .57  3 .70  3 .84  16 .19  
91  3 .46  3 .34  3 .82  3 .91  3 .96  3 .98  18 .49  
92  3 .46  3 .74  3 .88  4 .09  3 .91  3 .92  19 .08  
93  3 .70  3 .22  3 .06  3 .06  3 .13  3 .18  16 .16  
94  3 .70  3 .37  3 .36  3 .62  3 .86  4 .00  17 .91  
6 /23/70  11  3 .28  3 .35  3 .42  3 .66  3 .58  3 .59  17 .29  
12  3 .61  3 .84  3 .76  3 .63  3 .35  3 .40  18 .19  
13  3 .04  3 .42  3 .34  3 .18  2 .93  3 .38  15 .91  
14  3 .18  3 .16  3 .06  3 ,21  3 .72  3 .97  16 .33  
21  3 .21  3 .32  3 .39  3 .38  3 .66  3 .81  16 .96  
22  3 .40  2 .77  3 .25  3 .64  3 .79  3 .95  16 .85  
23  3 .07  2 .99  3 .48  3 .66  3 .63  3 .54  16 .83  
24  3 .38  3 .21  3 .26  3 .43  3 .81  3 .88  17 .09  
31  3 .17  3 .00  3 .14  3 .29  3 .37  3 .63  15 .97  
32  3 .54  3 .39  3 .26  3 .58  3 .53  3 .88  17 .30  
33  2 .81  2 .82  3 .21  3 .18  3 .19  3 .07  15 .21  
Table 150. (Continued) 
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Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5  '  
6 /24/70  
/ / h /  / O  
7/6/70 
34 
41  
42  
43  
44  
51  
52  
53  
54  
61 
62  
63 
64  
71  
72  
73  
74  
81 
82 
83  
84  
91  
92  
93  
94  
i l  
12 
13  
14  
21 
22 
23  
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
3 .46  
3 .12  
3 .14  
3 .09  
3 .26  
3 .24  
3 .50  
3 .15  
3 .40  
2 .89  
3 .00  
3 .07  
3 .20  
3 .15  
3 .10  
2 .95  
3 .43  
2 .93  
2 .93  
2 .88  
2 .88  
3 .15  
3 .39  
3 .11  
3 .25  
2 .89  
3 .21  
1 .84  
2 . 2 1  
2 .13  
2.11 
1.92  
2.12 
2.02 
2 .45  
1 .89  
2 .30  
2 .16 
2.10 
1 .94  
2 .16 
1 .99  
2 .84  
1 .87  
2 .70  
2 .26 
3 .15  
3 .04  
2 .59  
3 .58  
3 .22  
2 .87  
2 .97  
3 .25  
2 .96  
2 . 6 6  
3.11  
3 .43  
3 .12  
2 . 6 8  
3.48  
3 .41  
3 .41  
2 .73  
2 .73  
3 .31  
3 .45  
3 .09  
3 .30  
3 .34  
3 .39  
2 .77  
2 .39  
2 .90  
2 .27  
2 .69  
2 .59  
2 .07  
3 .26  
2 . 2 6  
2 .10  
1 .72  
2 .38  
2 . 2 8  
2 .18  
3 .05  
2 .49  
2 .48  
2 .87  
3 .43  
3 .10  
2 .91  
3 .33  
3 .07  
3 .02  
2 .93  
2 .69  
3 .25  
3 .22  
2 .85  
3 .36  
3 .56  
3 .06  
2 .99  
3 .56  
3 .10  
3 .10  
3 .14  
3 .14  
3 .80  
3 .76  
3 .07  
3 .34  
3 .20  
3 .59  
3 .18  
2 .95  
3 .30  
3 .07  
3 .40  
3 .26  
2 .89  
3 .05  
3 .02  
2 .77  
3 .00  
2 .94  
2 .86  
3.26  
2 .98  
2 .97  
2 .75  
3 .00  
3 .52  
3 .35  
3 .12  
3 .37  
3 .10  
3 .20  
2 .98  
2 .69  
3 .40  
3 .41  
3 .10  
3 .13  
3 .45  
3 .12  
3 .06  
3 .53  
3 .51  
3 .51  
3 .65  
3 .65  
3 .86  
4 .02  
2 .99  
3 .54  
3 .52  
3.46  
3 .09  
3 .24  
3 .33  
3 .59  
3 .66  
3 .38  
3 .16  
3 .59  
3 .00  
2 .93  
3 .41  
3 .23  
3 .04  
3 .30  
3 .04  
3 .05  
2.88 
2.75  
3 .73  
3 .41  
3 .15  
3 .42  
3 .23  
3 .36  
2 .91  
2 .98  
3 .54  
3 .28  
3 .21  
3 .12  
3 .57  
3 .10  
3 .17  
3 .61  
3 .66  
3 .66  
3 .76  
3 .76  
3 .74  
3 .84  
3 .03  
3 .77  
3 .49  
3 .18  
2.88 
3 .73  
3 .63  
3 .75  
3 .64  
3 .65  
3 .33  
3 .52  
3 .14  
2 .76  
3 .60  
3 .41  
3 .24  
3 .42  
3 .27  
3 .21  
2 .92  
3 .13  
3 .36  
3 .34  
3 .31  
3 .38  
3 .49  
3 .38  
3 .30  
3 .12  
3 .72  
3 .37  
3 .33  
3 .26  
3 .71  
3 .38  
3 .11  
3 .98  
4 .23  
4 .23  
3 .93  
3 .93  
4 .09  
3 .89  
3 .22  
4 .05  
3 .39  
3 .29  
3 .40  
3 .81  
3 .81  
3 .79  
3 ,63  
3 .83  
3 .62  
3 .80  
3 .15  
3 .05  
3 .29  
3 .39  
3 .33  
3 .38  
3 .40  
3 .16  
3 .20  
14 .78  
16.06 
16.15  
15 .31  
15 .97  
16 .22  
16 .30  
14 .84  
14 .73  
16 .33  
15 .87  
14 .89  
15 .92  
17 .16  
15 .50  
14 .85  
17 .61  
16.61 
16.61 
16.16 
16.16 
17 .86  
18 .46  
15 .29  
17 .20  
16 .44  
16 .83  
13 .76  
14 .52  
15 .29  
14 .79  
15 .31  
15 .00  
13 .47  
15 .87  
13 .31  
12.86 
13 .89  
14 .06  
13 .36  
14 .32  
14 .33  
14 .56  
12 .90  
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Table 150. (Continued) 
Date  Depth in  feet  Total  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
7 /20/70  
7 /20/70  
54  
61  
6 2  
63 
64  
71  
72  
.73  
74  
81 
82 
83  
84  
91  
92  
93  
94  
11 
12 
13  
14  
21 
22 
23 
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
6 1  
62 
63 
64  
71  
72  
73  
2 .35  
1 .75  
1 .93  
2 .25  
2 . 0 6  
2.08  
1 .98  
1 .99  
2 .17  
2 .25  
2 .48  
1 .93  
2 .27  
2 .85  
2 .38  
2 .19  
2 .92  
3 .14  
2 .94  
2 .38  
2.65 
2.88 
3 .39  
2 .55  
2 .69  
2 .40  
2 .79  
2 .45  
2 .63  
2 .49  
2 .78  
2 .28 
2 .97  
2 .74  
3 .00  
2.56 
2.89  
2 .43  
2 . 6 6  
2 . 6 1  
2 .54  
2 .88  
2 .71  
2 .33  
2 .31  
2 .64  
2 .77  
1.88 
2.28 
2 . 6 8  
2 .71  
2 .01  
2.82 
2.57  
2 .92  
2 .30  
3 .42  
2 .87  
2 .84  
2 .37  
2 .84  
3 .47  
3 .15  
2 .49  
2 .25  
2 .40  
2 .03  
2 .15  
2 .99  
2 .02 
1 .83  
1 .73  
2 .04  
2.20 
1.87  
2 .97  
2 .16  
2.03 
2.09 
2.05  
2 .38  
1 .74  
2 .02  
2 .53  
2 .35  
1 .75  
2 .50  
3 .19  
3 .07  
2 .58  
3 .15  
3 .46  
2 .89  
2 .85  
3 .51  
3 .29  
3 .01  
2 .97  
3 .84  
3 .58  
3 .59  
2 .98  
3 .31  
3 .26  
3 .47  
2 .77  
2 .27  
3 .03  
2 .60  
3.29  
2.29 2.90  
2 .89  
2 .75  
2 .13  
2 .53  
2 .54  
2 .45  
2 .58  
2 .79  
2 .43  
2 .34  
2 .10  
2.94  
2 .98  
2 .00  
2 . 8 2  
2 .77  
2 .83  
2 . 6 2  
2 .58  
3 .45  
3 .33  
2 .96  
3 ,02  
3 .32  
2 .91  
3 .01  
3 .62  
2.79 
3.48 
3.54  
3 .74  
3 .83  
3 .92  
3 .05  
3 .56  
3 .41  
3.30 
2.98 
3.12  
3 .32  
3 .50  
3 .54  
3 .27  
n  a a  
Am % 
3.34  
2 .83  
2.88 
3 .17  
3 .04  
2 .89  
3 .21  
2 .97  
2 .87  
2 .77  
2 .52  
3 .28  
3 .40  
2 .78  
2 .94  
3.24 
2.92  
3 .06  
2 .88  
3 .59  
3 .28  
3 .20  
2 .97  
j .49  
3 .11  
3 .15  
3 .65  
3 .77  
3 .69  
3 .61  
3 .86  
3 .76  
3 .83  
3 .10  
3 .77  
3 .43  
3 .26  
2 .86  
3 .64  
3 .62  
3 .84  
3 .50  
3 .70  
.  07  
3 .27  
3 .02  
2 .76  
3 .62  
3 .33  
3 .13  
3 .46  
3 .15  
3 .17  
2.82 
3.00  
3 .48  
3 .16  
3 .05  
2 .96  
3 .47  
3 .03  
3 .12  
3 .14  
3 .73  
3 .36  
3 .36  
3 .25  
3 .70  
3 .31  
3 .08  
4 .01  
3 .76  
4 .17  
3 .80  
2 .81  
4.09  
3 .97  
3 .32  
3 .86  
3 .36  
3 .28  
3 .40  
3 .71  
3 .96  
3 .89  
3 .36  
3 .79  
3 .30  
3 .62  
3 .11  
3 .06  
3.25 
3.24  
3 .29  
3 .42  
3 .39  
3 .21  
3.25 
3.20  
3 .61  
3 .35  
3 .19  
3 .13  
3 .83  
3 .37  
3 .20  
1 2 . 6 2  
14.62  
14 .38  
12 .87  
13 .48  
15 .03  
13 .60  
13 .01  
15 .77  
15 .67  
15 .58  
14 .35  
17 .13  
16 .89  
16 .56  
13 .69  
16 .40  
16 .71  
16 .12  
13 .48  
13 .93  
15 .25  
15 .36  
15 .03  
14 .85  
12.48 
15.28  
13 .07  
12 .23  
13 .54  
13 .73  
12 .95  
14 .09  
14 .62  
13 = 63 
12.52  
12.60 
14 .18  
14 .58  
12.18 
13 .28  
14 .89  
13.84 
12.88 
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Date  Depth in  feet  Total  
Mo/day/yr  S i te  #12  3 4 5  6  5 '  
74  2 .78  2 .48  3 .10  3 .48  3 .66  3 .93  15 .50  
81  3 .18  2 .37  2 .51  3 .29  3 .72  3 .80  15 .07  
82  3 .02  2 .45  2 .65  3 .21  3 .50  4 .02  14 .83  
83  2 .82  1 .92  2 .84  3 .44  3 .52  3 .79  14 .54  
84  2 .62  2 .32  2 .94  3 .54  3 .62  3 .77  15 .04  
91  3 .00  2 .47  3 .59  3 .73  3 .66  4 .00  16 .45  
92  3 .11  2 .96  2 .98  3 .53  3 .63  3 .72  16 .21  
93  2 .64  2 .23  2 .33  2 .74  3 .02  3 .27  12 .96  
94  2 .76  2 .29  3 .18  3 .48  3 .79  3 .97  15 .50  
8 /12/70  11  3 .10  3 .43  3 .21  3 .33  3 .34  3 .27  16 .41  
12  3 .50  3 .71  3 .67  3 .44  3 .42  3 .44  17 .74  
13  2 .95  3 .25  2 .99  2 .78  2 .72  3 .18  14 .69  
14  3 .42  3 .07  2 .17  3 .07  3 .53  3 .75  15 .26  
21  2 .80  2 .55  2 .70  2 .99  3 .54  3 .80  14 .58  
22  3 .17  2 .62  2 .39  3 .23  3 .63  3 .65  15 .04  
23  2 .74  2 .05  2 .89  3 .44  3 .47  3 .33  14 .59  
24  2 .80  2 .74  2 .46  3 .05  3 .62  3 .64  14 .67  
31  3 .20  3 .07  3 .22  3 .29  3 .09  3 .26  15 .87  
32  3 .54  3 .43  3 .31  3 .59  3 .34  3 .63  17 .21  
33  2 .16  2 .72  2 .67  2 .74  2 .87  2 .90  13 .16  
34  2 .04  1 .88  1 .88  2 .41  2 .57  2 .98  10 .78  
8 /11/70  41  3 .27  2 .43  2 .79  2 .94  3 .49  3 .37  14 .92  
42  2 .98  3 .07  2 .90  3 .04  3 .23  3 .18  15 .22  
43  3 .24  3 .01  2 .77  2 .63  3 .00  3 .34  14 .65  
44  3 .05  1 .92  2 .39  2 .99  3 .35  3 .36  13 .70  
51  3 .17  2 .82  2 .46  2 .76  3 .19  3 .27  14 .40  
52  3 .48  3 .39  3 .40  3 .34  3 .71  3 .50  17 .32  
53  3 .20  2 .31  2 .07  2 .45  2 .78  3 .29  12 .81  
54  2 .94  3 .09  1 .99  2 .28  2 .95  3 .18  13 .25  
61  2 .82  3 .06  2 .98  3 .19  3 .46  3 .65  15 .51  
62  2 .88  3 .12  3 .23  3 .37  3 .36  3 .34  15 .96  
63  3 .07  1 .93  1 .89  2 .56  2 .99  3 .06  12 .44  
64  2 .48  2 .19  2 .71  2 .93  3 .10  3 .18  13 ,41  
71  3 .24  3 .49  3 .39  3 .21  3 .41  3 .67  16 .74  
72  2 .80  2 .66  2 .65  2 .82  3 .06  3 .34  13 .99  
73  2 .74  2 .20  2 .31  2 .92  3 .09  3 .08  13 .26  
74  3 .23  3 .43  2 .89  3 .10  3 .38  3 .90  16 .03  
81  3 .46  3 .36  3 .70  3 .71  3 .74  3 .90  17 .97  
82  3 .27  3 .09  3 .00  3 .18  3 .37  4 .10  15 .91  
83  3 .00  2 .05  2 .70  3 .29  3 .43  3 .67  14 .47  
84  3 .27  3 .15  2 .85  3 .41  3 .74  3 .93  16 .42  
91  2 .97  2 .70  3 .32  3 .59  3 .59  3 .87  16 .17  
92  3 .46  3 .59  3 .64  3 .73  3 .62  3 .73  18 .04  
93  3 .08  3 .00  2 .17  2 .33  2 .87  3 .15  13 .45  
375 
Table 150. (Continued) 
Date  Depth in  feet  Tota]  
Mo/day/yr  S i te  #  1  2  3  4  5  6  5 '  
8 /26/70  
8 /24/70  
94  
11 
12 
13  
14  
21 
22 
23  
24  
31  
32  
33  
34  
41  
42  
43  
44  
51  
52  
53  
54  
61 
62 
63  
64  
71  
72  
73  
74  
81  
82 
83 
84  
91  
92  
93  
94  
2 .69  
3 .40  
3 .76  
3 .24  
3 .48  
3 .38  
3 .60  
3 .02  
3 .59  
3 .33  
3 .59  
2 . 6 8  
3.10  
3 .31  
3 .36  
3 .92  
3 .44  
3 .69  
4 .03  
3 .72  
3 .51  
3 .18  
3 .14  
2 .94  
3 .18  
3 ,82  
3 .05  
3 .17  
4 .03  
4 .16  
3 .72  
3 .31  
3 .38  
3 .43  
3 .63  
3,66 
3.05  
2 .57  
3 .35  
3 .49  
2 .99  
2 .88  
2 .42  
2 .29  
1 .99  
2 .43  
2 .92  
3 .25  
2 .60  
1.88 
2.16 
2.55  
2 .68 
1 .90  
2 .79  
3 .12  
2 .25  
2 .91  
2 .54  
2 .87  
1 .77  
2 .17  
3 . 6 6  
2.41  
1.88 
3 .38  
3 .02  
3 .01  
2 .13  
3 .00  
2 .51  
3 .40  
2 ,79  
2 .41  
3 .06  
3 .15  
3 .47  
2 .78  
2 .23  
2 .58  
2 .33  
2 .69  
2 .33  
2 .92  
3 .07  
2 . 6 1  
1.84  
2 .42  
2 .38  
2 .22  
2 .25  
2 .23  
3 .07  
2 .03  
2 . 1 0  
2 .71  
2 .97  
1 .78  
2 .46  
3 .  50  
2 .63  
2 .20  
2 .82  
3 .26  
2 .43  
2 .54  
2 .90  
3 .26  
3 .30  
2 22 
2.71  
3 .47  
3 .28  
3 .32  
2 .57  
2 .95  
3 .04  
3 .30  
3 .33  
2 .76  
3 .06  
3 .34  
2 . 6 0  
2 .06  
2.55  
2 . 6 1  
2 .08  
2 .64  
2 .53  
3 .07  
2 .23  
2 . 1 1  
3 .08  
3 .27  
2 . 1 2  
2.70  
3 .43  
2 .77  
2 .83  
2 .91  
3 .35  
3 .09  
3 .29  
3 .14  
3 .43  
3 .44  
2 .19  
3 .29  
3 .64  
3 .20  
3 .19  
3 .53  
3 .54  
3 .37  
3 .63  
3 .40  
3 .44  
3 .02  
3 .24  
2 .87  
2 .36  
2 .98  
2 .98  
2 .57  
3 .24  
3 .17  
3 .47  
2 .73  
2 .89  
3 .34  
3 .19  
2 .74  
2 .93  
3 .56  
3 .02  
3 .54  
3 .04  
3 .55  
3 .37  
3 .43  
3 .56  
3 .56  
3 .61  
2 .88  
3 .55  
3 .94  
3 .18  
3 .22  
3 .12  
3 .69  
3 .68  
3 .69  
3 .33  
3 .60  
3 .31  
3 .59  
2.86 
2.84  
2 .97  
2 .99  
3 .05  
3 .29  
3 .30  
3 .28  
3 .24  
3 .07  
3 .47  
3 .42  
3 .05  
3 .14  
3 .67  
3 .34  
3 .01  
3 .74  
3 .74  
3 .91  
3 .64  
3 .81  
3 .85  
3 .84  
3 .14  
3 .79  
15 .43  
16 .38  
17 .23  
14 .11  
15 .08  
14 .79  
15 .15  
14 .43  
14 .55  
15 .25  
16 .50  
13 .36  
11 .24  
13 .42  
13 .88  
13 .47  
13 .47  
14 .41  
16 .76  
12 .96  
13 .52  
14 .85  
15 .44  
11 .35  
13 .44  
17  .97  
13 .88  
13 .62  
16.18 
17 .35  
15 .62  
14 .70  
15 .98  
16 .19  
17 .38  
13 .54  
15 .01  
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c .  Contoured vs  r idged watersheds  (Cingles  tract )  
Table  151 .  Comparisons  o f  Moisture  Measurements  a t  the  Cingles  Watersheds  
(Contoured Vs  Ridged Corn)  a t  5  Foot  Depths ,  1968-1970 
Locat ion 
W, W. w„ w. 5 2  4  
-  Total  inches  - •  
Average  -  Summer 
Watersheds '  
W, w. w„ w. 5 2  4  
Total  inches  
Average  7 /15  to  8 /15  
1970 
S i te  1(B)  11 .78  13 .88  14 .77  9 .96  .10  9 .76  12 .30  12 .32  7 .94  .90  
S i te  2(M) 9 .83  10 .72  8 .75  10 .42  .69  8 .40  8 .48  7 .46  8 .72  .35  
S i te  3(T)  9 .99  11 .29  7 .98  8 .24  2 .53  8 .30  9 .42  6 .22  6 .76  2 .37  
1969 
S i te  1(B)  13 .3  15 .0  15 .9  11 .0  0 .7  12 .7  14 .7  15 .0  10 .2  1 .1  
S i te  2(M) 10 .3  11 .7  10 .5  11 .1  0 .2  8 .2  9 .3  8 .1  8 .6  0 .4  
S i te  3(T)  10 .8  12 .1  9 .8  9 .9  1 .6  10 .1  11 .5  7 .9  7 .7  3 .0  
1968 
S i te  1(B)  12 .1  13 .4  15 .8  10 .8  -0 .5  11 .9  12 .6  15 .5  10 .2  -0 .6  
S i te  2(M) 11 .4  11 .4  11 .2  11 .7  0 .0  11 .0  11 .7  9 .7  9 .8  1 .6  
S i te  3(T)  10 .8  11 .3  10 .0  10 .1  1 .0  9 ,5  10 .1  9 .0  8 .2  1 .2  
\ 
hi 
and W^ - r idged corn;  Wg and *4  =  contoured corn.  
3" =  average  r idged watersheds  -  average  contoured watersheds .  
